NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

REPORT 1379

COMPRESSIELE LAMINAR BOUNDARY LAYER OVER A
YAWED INFINITE CYLINDER WITH HEAT TRANSFER
AND ARBITRARY PRANDTL NUMBER

By ELI RESHOTKO and IVAN E. BECKWITH

1958

subscription, $10; foreign, $13;

U. S. Government Printing Office, Washington 25, D. C. Yearly
Price 50 cents

For sale by the Superintendent of D t
single copy price varies according to size






REPORT 1379

COMPRESSIBLE LAMINAR BOUNDARY LAYER OVER A
YAWED INFINITE CYLINDER WITH HEAT TRANSFER
AND ARBITRARY PRANDTL NUMBER

By ELI RESHOTKO and IVAN E. BECKWITH

Lewis Flight Propulsion Laboratory
Cleveland, Ohio




National Advisory Committee for Aeronautics

Headquarters, 1512 H Street NW., Washington 25, D. C.

Created by Act of Congress approved March 3, 1915, for the supervision and direction of the scientific study
of the problems of flight (U. S. Code, title 50, sec. 151). Its membership was increased from 12 to 15 by act
approved March 2, 1929, and to 17 by act approved May 25, 1948. The members are appointed by the President

and serve as such without compensation.

James H. DoourrrL, Se. D., Shell Oil Company, Chairman

LeoNARD CArRMICHAEL, Ph. D., Secretary, Smithsonian Institution, Vice Chairman

ALLEN V. AsTIN, Ph. D., Director, National Bureau of Standards.

PresToN R. Bassert, D. Sec.

DerLev W. Bronk, Ph. D., President, Rockefeller Institute for
Medical Research.

Freperick C. Crawrorp, Sc. D., Chairman of the Board,
Thompson Products, Inec.

WiLLiam V. Davis, Jr., Vice Admiral, United States Navy,
Deputy Chief of Naval Operations (Air).

Pavr D. FoorE, Ph. D., Assistant Secretary of Defense, Re-
search and Engineering.

WgeLLiNgToN T. Hines, Rear Admiral, United States Navy,
Assistant Chief for Procurement, Bureau of Aeronautics.

JEROME C. HUNSAKER, Sc. D., Massachusetts Institute of
Technology.

Cuaries J. McCarrry, S. B., Chairman of the Board, Chance
Vought Aircraft, Inec.

Donavp L. Purr, Lieutenant General, United States Air Force,
Deputy Chief of Staff, Development.

JamEs T. Pyie, A. B., Administrator of Civil Aeronautics.

Francis W. REICHELDERFER, Sc. D., Chief, United States
Weather Bureau.

Epwarp V. RICKENBACKER, Sc. D., Chairman of the Board,
Eastern Air Lines, Inc.

Lours S. RorascurLp, Ph. B., Under Secretary of Commerce for
Transportation.

Taomas D. WaITE, General, United States Air Force, Chief of
Staff.

Hvuer L. DrypEeN, Pu. D., Director

Joun W. CrowiLEy, Jr., B. 8., Associate Director for Research

Joun F. Vicrory, LL. D., Ezecutive Secretary

Epwarp H. CaMBRRLIN, Ezecutive Officer

Hewnry J. E. Rem, D. Eng., Director, Langley Aeronautical Laboratory, Langley Field, Va.

Swire J. DEFRANCE, D. Eng., Director, Ames Aeronautical Laboratory, Moffett Field, Calif.

Epwarp R. Suarp, Sc. D., Director, Lewis Flight Propulsion Laboratory, Cleveland, Ohio

Wavrrer C. WiLLiams, B. 8., Chief, High-Speed Flight Station, Edwards, Calif.



TABLE OF CONTENTS

SUMNMNARNGS 8. o - e e s b o T SRR e L
) S B8 B K B
GENERAEEQUARIONS . . o C . o AL o SRell Nt DRSO
Boundary=Layer'Eguationa. - .- ... . S8 - . ¢ HNE
Stewartsons ‘Eradsformiglion. . o o-co- o .o o 0b P - o W
SimmlarSolutions- . — .. oo oo o o ToRRRE Rl SRS
indepemnidenice IBHNEIPIE w v anro ot coabice o0 - SESIIETRRE e B TR
Stagnation EiNeRIoW: 1 - —ooecc o u ot o . ORREVEERE L T B SEUIS
PROPERVIFSSONISOTUMIONS L o o n. . BRI S o S L CEru
iVeloeity and Enthalpy Profiles. ... . S daE S0 Tn . o
Skantrietion st 0. Ll Lo Lone e L SENERE G 0 B B A T
Secohdary Blows o cas e e o el IR e N
Heat Transfer and Adiabatic Wall Temperature_ ___________________________
Reynolda Analogy o L ot Dol oo ot oo pne - SBSRE TE - NC
Boundary-Layer PMoEDess. .. oi cocoaoo ool oo n B0l R s R
ENGINEERING HEAT-TRANSFER RELATIONS FOR STAGNATION-LINE

HluidiEtoperticatiatothesWall. b = 8~ 0 - L - R WEE S T T
Chordwise (VelocbyiGradient. .- oo oo o oo . . ML B B0 o L SN
Heat-PransferiPargmeter: - . o - Loacatoe o S0 TR - 5 o0 SR
Effect of Yaw Angle and Mach Number on Heat-Transfer Coefficient at the
Staghgtion Eie: oo oot ceneaaiinniranae s b L SO RIRTRERE S0 o D ETIRRET
SUMNMARY OF RESULTS. ... _ ... - . .. SSCSEES L. 0 L B
APPENDIXES
A—SVMBOESS. ol oo oo o e Seer o 1 SRS S Sl S SRt - 8 S
B—SOLUTION OF ORDINARY DIFFERENTIAL EQUATIONS.________
C—ASYMPTOTIC SOLUTTION . _ ... ... .. S i B e L SN
D—STAGNATION-LINE RECOVERY FACTOR FOR YAWED CYLIN-

3 2 5 2 5, I8 5f S A R e e e et oot SRR

]
%
g
@

U W N NN

Pk et ek ket
W W —~=O

13
13
13
14

14
15

17
18
20

22
22







REPORT 1379

COMPRESSIBLE LAMINAR BOUNDARY LAYER OVER A YAWED INFINITE CYLINDER WITH
HEAT TRANSFER AND ARBITRARY PRANDTL NUMBER **

By Evrr Ressorko and Ivan E. BECKWITH

SUMMARY

The equations are presented for the development of the
compressible laminar boundary layer over a yawed infinite
cylinder. For compressible flow with a pressure gradient the
chordwise and spanwise flows are not independent. Using
the Stewartson transformation and a linear viscosity-temperature
relation yields a set of three simultaneous ordinary differential
equations in a form yielding similar solutions. These equations
are solved for stagnation-line flow for surface temperatures
Jfrom zero to twice the free-stream stagnation temperature and
Jfor a wide range of yaw angle and free-stream Mach number.

The results indicate that the effect of yaw on the heat-transfer
coefficient at the stagnation line depends markedly on the free-
stream Mach number. For subsonic Mach numbers the
decrease in heat-transfer coefficient with yaw angle A is about
veos A, which is the decrease for incompressible flow. How-
ever, for free-stream Mach numbers greater than approzimately
2, the variation in heat-transfer coefficient with yaw angle s
somewhat less than cos A except when the normal component of
the stream Mach number is subsonic; then the variation tends
to approach +/cos A. This decrease in heat-transfer coef-
ficient with yaw angle is practically independent of wall
temperature and Prandtl number for the values of these param-
eters used in the present calculations. The recovery factor,
defined in terms of the local external temperature, can be
approximated as the square root of the Prandtl number for the
range of yaw angle, Mach number, and Prandtl number,

wncluded in the calculations.
An unusual result of the solutions is that for large yaw

angles and stream Mach numbers the- chordwise velocity within
the boundary layer exceeds the local external chordwise velocity,
even for a highly cooled wall.

INTRODUCTION

As flight speeds are increased, the problem of aerodynamic
heating becomes more serious, and the temperatures of
critical areas such as the nose of an aircraft or the wing
leading edge may exceed the design specifications. An
accurate knowledge of the laminar-boundary-layer charac-
teristics then becomes desirable, not only for predicting heat-
transfer rates, but also for calculating the stability of the
boundary-layer flow. The yawed infinite cylinder approxi-

1 Supersedes NACA Technical Note 3986, by Eli Reshotko ana itvan E. Beckwith, 1957.

mately simulates the leading edge of a sweptback wing or of
a body of high fineness ratio at angle of attack and also
allows a basic simplification of the boundary-layer theory.

Almost simultaneously, Prandtl (ref. 2), Struminsky
(ref. 3), Jones (ref. 4), and Sears (ref. 5) observed that for
incompressible flow over a yawed infinite cylinder the
boundary-layer development in the chordwise direction
(normal to the cylinder axis) is independent of the spanwise
flow. For compressible flow, however, this “independence
principle” does not apply, because the density variation
must depend on the velocities in both the chordwise direction
and the spanwise direction (refs. 3 and 6).

Where the independence principle applies, the solutions for
boundary-layer development in the chordwise plane are
those that have been obtained for incompressible two-
dimensional flow. A number of investigators have inte-
grated the spanwise momentum equation for the various
solutions to this problem. Sears (ref. 5) has obtained the
spanwise solution corresponding to the series-type solution
about a cylinder. Wild (ref. 7), by an integral technique,
has obtained the spanwise solution for Howarth’s elliptic
cylinder, and Cooke (ref. 8) has tabulated the spanwise
solutions corresponding to Hartree’s solutions (ref. 9) to the
equations of Falkner and Skan. Further, Goland (ref. 10)
has shown that the heat-transfer coefficient of a yawed
cylinder varies as the square root of the Reynolds number
based on the normal component of the stream velocity.
Thus, for a given stream velocity, the heat-transfer co-
efficient decreases as the square root of the cosine of the yaw

‘angle. This decrease in heat-transfer coeflicient is asso-

ciated with the increase in boundary-layer thickness due to
yaw.

For compressible flow where the independence principle
does not apply, the momentum equations for both the
chordwise flow and the spanwise flow must be solved simul-
taneously. Solutions to the compressible-flow problem
with zero heat transfer and a Prandtl number of 1 have been
given by Crabtree (ref. 11) and Tinkler (ref. 12). Both of
these solutions are for flows where the spanwise Mach
number at the stagnation line of the cylinder is 1 or less.
Consequently, for high stream Mach numbers these solutions
apply only to cases where the yaw angle is small. From the

2 This report combines the results of two independent investigations, one at the Lewis Flight Propulsion Laboratory and the other at the Langley Aeronautical Laboratory. The prin-
cipal results of the investigation at the Lewis laboratory were presented by the senior author before the 1956 Heat Transfer and Fluid Mechanics Institute at Stanford University on June

22,1956. A brief written version of that talk appears in the proceedings of the institute (ref. 1).

il
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observation that for a Prandtl number of 1 the energy
equation and the spanwise momentum equations are similar
(ref. 6), Moore (ref. 13) has indicated the form that Crab-
tree’s equations take for a noninsulated surface.

The present report extends the work of Crabtree, Tinkler,
and Moore to the more general case of arbitrary Prandtl
number and an isothermal wall at arbitrary temperature in
flows where both Mach number and yaw angle may be large.
The boundary-layer equations are first simplified by the
assumption of a linear viscosity-temperature relation and
by the application of Stewartson’s transformation (ref. 14).
The resulting system of partial differential equations is
simplified further by assuming an external chordwise velocity
distribution of the Falkner-Skan type in the transformed
coordinate system. The conditions required to reduce the
system to ordinary differential equations are discussed.
Numerical solutions for stagnation-line flow with Prandtl
numbers of 1 and 0.7 are presented. Expressions are given
for shear, heat transfer, and the variation of heat-transfer
coefficient with yaw angle.

GENERAL EQUATIONS
BOUNDARY-LAYER EQUATIONS

The compressible-boundary-layer equations for a three-
dimensional flow are obtained by application of the Prandtl
boundary-layer assumptions to the general equations govern-
ing the motion of a compressible, viscous, heat-conducting gas
(see, e. g., refs. 6 and 13). One of these assumptions which
may be emphasized for the present application is that the
boundary-layer thickness is small compared with the local
radius of curvature of the surface. Consequently, the
pressure gradient normal to the surface may be neglected,
and the boundary-layer equations are expected to be valid
in the region of the stagnation line on a yawed cylinder.

The boundary-layer equations for a yawed infinite cylinder
are obtained from the three-dimensional boundary-layer
equations by noting that all spanwise derivatives are identi-
cally zero. The coordinate system used is defined by the
following sketch:

Stagnation line--~~ _

~~--Shock wave

where the z-coordinate is the distance along the cylinder
surface measured in the chordwise direction from the leading-
edge stagnation line, y is the spanwise coordinate, and z is the
coordinate normal to the cylinder surface. (All symbols are
defined in appendix A.)

The equations of motion of the steady compressible laminar
boundary layer over a yawed infinite cylinder are therefore:
Continuity:

O(pu) |, O(pw)
oz + oz = (1)
Momentum:
ou, ., __p, 0/ du
& bx+pw oz bx+bz ”bz) (28
ol w 0 fo 2,
puS TP == (2b)
op__
Energy:

OH, dH [ u dH\ 1 d [+
Pl ot PR =P o —55["(%*1)&(*2 )]
3)

where / is the total or stagnation enthalpy.
State:

p=pRt

The boundary conditions for equations (1) to (4) are:
At 2=0 ‘
u=v=w=0 and H=H, or %izlz
At z—>
U=U,, v=0,, and H=H,

The viscosity is assumed to be a linear function of the tem-
perature according to the relation

Mw
=% ¢
where ¢, is a known function of z, and u, may be taken as
any desired function of #,, such as the Sutherland viscosity-
temperature equation. The chordwise velocity outside the
boundary layer satisfies the following form of Bernoulli’s
equation:

du, _dp,__Op
2 o e (5)
since from equation (2¢) the pressure is constant in the direc-
tion normal to the surface.
STEWARTSON’S TRANSFORMATION

The velocities in the equations of motion (egs. (1) to (3))
can be replaced through the definition of a stream function:

(6)
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so that the continuity equation (eq. (1)) is automatically
satisfied.

Stewartson’s transformation (ref. 14) is now introduced,
and in a slightly modified form may be written

L7 w t ae pﬂ
el 7
0 \Mo tw aopo @
Z=%fz£ de @®)
Qo Jo Po

The quantity (ﬂ E t°> of equation (7) is exactly the quantity

M of reference 15. The transformed coordinates are now rep-
resented by uppercase letters (X, Z), and the subscript e
refers to local conditions at the outer edge of the boundary
layer (external). The subscript 0 refers to free-stream
stagnation values.

With the assumptions of constant Prandtl number, con-
stant specific heat, and an isothermal surface and by use of
the adiabatic energy equation for the external flow

=a+ (u2+02) 9)

equations (2a), (2b), and (3) become

=T, Uexl:l +(—— 1><1 —g)+

%E— 1) (tt_;)) (1 _3)]"{‘1’0‘/’222 (10)
V20x—Vx(z="00zz (11)

Vol —Ylg=— 22 (12_12;) (Vtw)”[(“”) WB)ss+ei(eas [+

1—?; oz e (12)

where
v
g—;e (13)
H—H,
== o (14)
and
t 1+7
t_°= 7 (15)
¥ 14X M2 cos?A

The ratio f/ty, combines the effect of both yaw angle and
Mach number in a single parameter. The physical inter-
pretation of this parameter is simply the ratio of the total
or stagnation temperature of the stream to the stagnation
temperature of the normal component of the stream. The
variation of the parameter with yaw angle for various Mach
numbers is shown in figure 1. It is seen that #/ty, <sec?A
and becomes large only for large yaw angles combined with
high Mach numbers.

Free-stream Mach number |-
ahead of bow shock wave, |-

10
9 ;
o = 2
Tol -
\O £ HE
87 '
[
€
2 . 5
26
=
>g 5
E -
a
4
i
3.
2
610 20 30 40 . 50 160 = = 80 50

Yaw angle, A, deg

Fiaure 1.—Effect of yaw angle on yaw parameter. Ratio of
specific heats, 1.4.

For a Prandtl number of 1, g=#, since equations (11) and
(12) are similar and since the functions g and @ satisfy the
same boundary conditions.

In terms of the transformed velocities, which are defined

U=y, } 16
e (16)
equations (10) to (12) can be written
wx+WUz=UeUeX[1+(j7°— )(1—g2>+
0
tw to
(1) a0 w0 @
0 Ng
Ugs+Wgz=vogzz (18)

U0x+Woz=%

S e [( ) Ut

vi(gazz] (19)

These equations should be useful in formulating integral
methods for calculation of laminar boundary layers over
yawed cylinders.
SIMILAR SOLUTIONS
In order to obtain similar solutions, an external flow of the
Falkner-Skan type

U=0X" (20)
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is assumed, which together with the transformation

y=7 (n)\/ 2——2%5(

g=9(n)
0=0(n)

i m+1 U,
Z\/ V"XJ

yields the system of differential equations

___1 _tboftu_
Ing \ to

~—

(21)

st =g 11—

1)(1—6>]

(22a)
9" +fg'=0 (22b)
o' +Pr foy = 1 = |25 (& LY (7 +(1-22) @ |
(£
(22¢)
where
pmt (23)

The boundary conditions for the systew of equations (22)
are:
At =0

f=f'=g=6=0
At 9> (24)

f’=g:0:1

Since u, may in general depend on z, the right member of
the energy equation (eq. (22¢)) is not yet functionally con-
sistent with the left member for arbitrary u, and Pr. The
right member of the equation must be zero or a function of
n to be consistent with the left member. This may be
achieved in the following ways: (1) The external chordwise
velocity may be a constant other than zero, (2) the external
chordwise velocity may be zero, (3) the Prandtl number

may equal 1, (4) the factor —( )] may approach the

constant ty,/t;=cos® A corresponding to hypersonic flow, or
(5) the ratio of specific heats y may equal 1.

INDEPENDENCE PRINCIPLE

The independence principle can be demonstrated from the
general stystem of equations (22). The chordwise momen-
tum equation (eq. (22a)) is independent of the spanwise
momentum and energy equations under the following
conditions:

(1) Flat-plate flows (m=pB=0) for all Mach numbers,

Prandtl numbers, and heat transfers
(2) The conditions f=ty,, t,=t, which correspond to
incompressible flow
Independence does not exist for compressible flow with
pressure gradient, even for zero heat transfer.

STAGNATION-LINE FLOW

All solutions presented in this report are for stagnation-line
flow where m=p=1. Two of the previously described
requirements for similarity are separately considered in
these solutions. The first requirement is that of Prandtl
number equal to 1. The system of equations (22) for this
case is reduced to the following two differential equations,
since equations (22b) and (22¢) become identical:

(_—1) (1—0)

P ==

Ny
(25a)
6" +16'=0 (25b)
with the boundary conditions:
At =0
n—>® 2
f=o=1 | (26)

For the case of zero yaw, equations (25) reduce to those
presented in reference 15, while for the insulated surface

(i—"’zl for Przl) they reduce to those of Crabtree (ref. 11).
0

The second requirement considered is that of zero external
chordwise velocity, which allows arbitrary Prandtl number.
For this case equations (22) become

o=

Ny
(27a)
g"+fg’=0 (27b)
v,

e
6’’+Prfo’=(1—Pr) to (g2 (27¢)
1_te

to

With heat transfer, the boundary conditions of equations
(27) are equations (24).

For the case of the insulated wall an additional boundary
condition is necessary, since the wall temperature is no
longer arbitrary. The heat-transfer rate to the wall may be

expressed as
ot .
ke (32), o

which for stagnation-line flow becomes, with use of expres-
sions (8), (14), and (21),

pw @
ey 29
Po do\// Al b

For the insulated surface, ¢,=0; and since with arbitrary
Prandtl number the surface temperature is generally not
equal to the stagnation temperature, the additional boundary
condition from equation (29) is

=0 (30)
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Thus, for the insulated surface with arbitrary Prandtl
number, equations (27) are solved subject to the conditions
of equations (24) and (30). For convenience in computing,
the temperature ratio t¢,/t, was replaced by the following
expression involving the local recovery factor ¢,:

tw taw tN
i =u ( —2 + (31)
o to

Values of ¢, then resulted from the solutions.

Equations (25) and (27) were solved numerically for both
insulated and noninsulated surfaces. The techniques used
at the two laboratories were different. These techniques
are discussed in appendix B. It is interesting and gratifying
to note that the different techniques yielded numerical
results that were in excellent agreement.

PROPERTIES OF SOLUTIONS

In the following sections the solutions obtained in this
study are presented and their properties discussed. All
solutions are presented in tabular form. Table I shows the
values of £, f/, f/, 6, and 6’ tabulated against n for a Prandtl
number of 1. Table II presents f, f/, '/, g, ¢, 6, and ¢’
against 7 for a Prandtl number of 0.7. Table III presents
a summary of the values of f, (related to wall shear), g,
(related to spanwise shear), and 6, (related to heat trans-
fer) for the cases of tables I and II.* The solutions for
Pr=1.0 apply whenever the external chordwise velocity
satisfies equation (20) with m=1; whereas, the solutions
for Pr>1.0 apply rigorously only at the stagnation line
where u,=0. For practical purposes, however, the solu-
tions for Pr>1.0 are expected to apply also in the vicinity
of the stagnation line where u,<<a,.

VELOCITY AND ENTHALPY PROFILES

The chordwise and spanwise velocity and enthalpy profiles
obtained from the tabulated solutions are presented as func-
tions of 7 in figures 2 and 3.

The chordwise velocity ratio can be expressed
u 7
e (32)

from the definitions of ¢, z, and . It should be remembered
that for the Pr=1 solutions the normalized temperature
and spanwise velocity profiles are identical. For Pr=0.7
(fig. 3) the spanwise velocity and enthalpy profiles are
separately plotted. The distance z normal to the surface
at a given station z in the physical plane is related to the
similarity variable n through relations (8) and (21) and may
be expressed as

Z“a:zz %X<m+1>f P £

3 Comparison of the results of reference 11 with the solution given here for Pr=1, tufti=1,
#o/tvo=1.2 shows that the present values for f/” and 6 (corresponding to fitwfs and gi4-wg2 in
the notation of ref. 11) are considerably larger than the values given in reference 11 at the same
7. According to private communication with Dr. Crabtree, the original numerical results
of reference 11 were in error. The corrected results obtained from Dr. Crabtree, also by
private communication, are in substantial agreement with the present solution.

where

2o 2 i,
——1+(——1)(1-e>—771 ;i) f’2—<1—t—0°) ¢ (34)

At the stagnation line, equations (33) and (34) become

= )j [H(__l)“—")—(l“%) gz]d” (35)

The differences in the profiles for different values of the
yaw-angle parameter fo/ty, and the wall-temperature param-
eter t,/ty (fig. 2) can be attributed to the effect of compres-
sibility, since for incompressible flow the chordwise velocity
profiles and the temperature profiles are independent of the
spanwise flow. The chordwise velocity ratios are especially
affected by compressibility; for large values of #/ty, these
ratios are greater than 1 within the boundary layer, even
for cases where the wall is highly cooled. This same phe-
nomenon has been observed in solutions of the two-
dimensional compressible boundary layer (e.g.,refs. 15 and 16)
for cases of a heated wall and favorable pressure gradient,
and in reference 15 was termed ‘velocity overshoot.”
According to reference 15, the physical explanation for this
effect is: When the wall is heated, the density in the outer
part of the boundary layer is reduced sufficiently so that
the local flow is accelerated more than the external flow.
The same basic explanation appears plausible in the present
solutions, except that the additional heat required to reduce
the local density is generated by the shear of the spanwise
boundary layer, and, hence, the phenomenon can occur even
when the wall temperature is less than the recovery tempera-
ture. The solutions given by Moore for the compressible-
boundary-layer equations for a cone at large angle of attack
(ref. 17) also show similar results; that is, the circumferential
velocity ratios are greater than unity within the boundary
layer. Furthermore, this effect becomes larger as the angle
of attack of the cone is reduced.* In the present solutions
this is analogous to increasing the yaw angle, which also has
the effect of increasing the excess of the local velocities over
the external velocity. Note also that this excess chordwise
velocity is reduced by reducing the wall temperature, as
might be expected from the preceding discussion.

Twelve solutions were computed with Pr=0.7; four of
these are for zero heat transfer and give a recovery factor,
and eight are for cooled-wall conditions with #,/t,=0 and 0.5.
The velocity and enthalpy profiles for these solutions are
shown in figure 3, and the numerical values of the functions
are given in tables IT and III. For corresponding values of
to/ty, and for t,/t,=0 or 0.5, the f’, g, and 6 profiles are
almost the same as those for Pr=1. For t,=t,,, the f* and
g profiles are also similar to those for Pr=1 with ¢,=t;
however, the 6 profiles for Pr=0.7 and ¢,=t,, (fig. 3(a)) are
considerably different from the corresponding profiles for
Pr=1. The fact that 6>>1 for this case indicates that the
local stagnation enthalpy within the boundary layer exceeds
the stagnation enthalpy outside the boundary layer. This
excess of local stagnation enthalpy over the external value

4 The angle of yaw as defined hereln is the complement of the cone angle of attack.
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for zero heat transfer (and also to a lesser extent for a cooled
wall) is apparently caused by the relative increase in the
quantity of heat conducted away from the wall into the
outer layers of the boundary layer when Pr<1. For Pr=1
and zero heat transfer (t,=t,) the relative effects of viscosity
and conductivity are balanced and H/H,=1 throughout the
boundary layer. These same effects have been previously
noted in solutions of the flat-plate boundary layer (e. g.,
ref. 18).

The domains of velocity and temperature overshoot can be
identified with the aid of the asymptotic solution to equa-
tions (27) (appendix C). For simplicity, the discussion that
follows is restricted .to a Prandtl number of 1. A more

general treatment is given in appendix C.

The asymptotic expressions for chordwise and spanwise
velocity functions for a Prandtl number of 1 from appendix
C are, respectively,

£ é ﬁ)_._ ﬁ)_ t_"’_ B
P2 (o) (e o

k) Lexp [~M—;£]+A3(n—x) S exp I:_(ﬂ_;ﬁ] (36)

and
j=1-% =9t eap | 15 @)

Examination of equation (36) shows that for large n the
term involving A, is dominant, and thus (f/—1) will have the
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same sign as A;. Since the g function for a Prandtl number
of 1 (fig. 2) always approaches its boundary condition from
below, A, is always positive, and, consequently, the exis-
tence of chordwise velocity overshoot depends directly on
whether the quantity [2 <ﬁ—1)+—t°— t—"’—l):l is positive.
This quantity is positive when ¢,+t,>2ty,. The domain of
chordwise velocity overshoot is shown in figure 4. It may
be seen that for cold surfaces there is only a small range of
to/ty, in which no overshoot occurs.

For Prandtl numbers other than 1, the behavior of the
stagnation-temperature profile must be considered separately
from the spanwise velocity profile. From appendix C the
asymptotic variation of § is

_l
o=1+4, gll_ (n—x) " exp [._ <’7_“)2:|_

T 2
(z: 1)

9 (l—ﬂ)_{_ﬁ_l .
% tt: 1 fo (m—x) ! exp ["‘P“_P(E_K)z] (38)

to

Figure 3 indicates that even for a Prandtl number of 0.7
the obtained spanwise velocity profiles approach the bound-
ary condition from below; hence, 4, is positive from equa-
tion (37). For Prandtl numbers less than 1 the dominant
term in equation (38) is the last one; thus the existence of
temperature overshoot is dependent on whether the quantity

tN i
2 1—_°> Sopny
< to +to
o
to :
when the numerator is positive with #,/t,<1. It must, of
course, be realized that for #,/t,>1 the stagnation tempera-

tures in the boundary layer are always higher than the
stream stagnation temperature. In appendix C it is shown

is negative. The quantity is negative
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that the chordwise velocity overshoot domain for a Prandtl
number of 0.7 is the same as for a Prandtl number of 1.
Thus for a cold wall with Pr=0.7, velocity overshoot and
enthalpy overshoot occur simultaneously. The various
regions of overshoot are summarized in figure 4.

2.0

o

" Velocity overshoot §
(all Prandtl numbers) {

™

®

Surface-temperature ratio, 7,//o

Enthalpy overshoot
nu s

ES

T
No overshoot
! !
oI.O 1.4 1.8 ;
Yaw parameter, fO/I,Vo

Fiaure 4.—Domains of velocity and enthalpy overshoot for
stagnation-line flow over yawed cylinder.

SKIN FRICTION

The chordwise and spanwise components of shear stress
at the wall are defined, respectively, as

bu) U,om+biea

c=hw\ 53 wle] « Ll

o= (), WE 2 i d
b

Ts= Mo e Pwvegw\/U i %—g,— (40)

These can be represented in dimensionless form by local
skin-friction coeflicients:

Te \/uex of m-+1dln X
lpﬁz R 2 dhnz (41)
2 wve
\/_ m¥1dIn X
lp "2 Wiz (42)
2 w

For the specific case of stagnation-line flow U,=CX the
quantity C is related to the physical chordwise velocity

gradient as follows:
y—1
| o ( ) due

~AX | ke to <ae ?, (43)
Ko tw \Go /Do

0:

M
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By use of equation (43), equations (39) and (40) can then
be written in the form of skin-friction coefficients based on
free-stream conditions, which for stagnation-line flow are

Te

5 Po(u2F02)

2y, e B cos2A{[1+ )]vw%}% (44)
1 Ts  PwSID2A % P

L@l . u. {[” “(52) ] dz}

(45)

Cr.c=

At the stagnation line itself, the chordwise velocity in the
boundary layer is identically zero; hence, there is zero chord-
wise viscous shearing stress. The dimensionless wall-shear
function f,, is nevertheless of interest, since it can be used
in calculating ¢, . from equation (44) in the region close to
the stagnation line. For the presented solutions, values of
f» are summarized in table III and plotted in figure 5.
Significant increases in the wall-shear function occur with
increases in the yaw parameter fo/ty,. This is an indication
of the effect of lack of independence between the spanwise
and chordwise flows.

In the evaluation of the spanwise skin-friction coefficient
for a Prandtl number of 1, the function g;, is exactly 6, as

6 prrr e e
¢ Wall-temperature
ratio,
fully
5 Hi
.0

2
=°'4
= Wall temperature equal
s to adiabatic wall
c 1.0 temperature SEesEey
S : & =
° 1.5
e .9
2 ~
S
2
e .5E3
] 3
'z 1)
32
o
£
(5}

I

(0]

| 9 (s}
Yaw parameter, ’o/’/vo

Ficure 5.—Effect of yaw on wall-shear function for stagnation-line]
flow.

indicated in table III and in figure 6. For a Prandtl number
of 0.7, the values of g;, for the obtained solutions are listed
in table ITI. It may be readily seen from the table that for
corresponding values of surface temperature and yaw param-
eter t/ty, there is very little effect of Prandtl number on
the spanwise shear parameter g,.

g TITITITIIIY
Wall - tempercture
ratio,
s,
e i
P S 0
x
S
i 1 1.0
"?\i |5 ::{
e T
7 123
@ g
&
= :
53
Q H
L 6 Y
2
v
o
=
0
o .5 B
T 5 0
: Prcnd}l) number,
4
¥ 3 5 i)

Yaw parameter, 7, /I,VO

Fiacure 6.—Effect of yaw on heat-transfer parameter for stagnation-
line flow. (For Prandtl number of 1, spanwise shear parameter g,
is equal to heat-transfer parameter 6,,.)

SECONDARY FLOW

Secondary flows are generally present in boundary layers
whenever the direction of the pressure gradient impressed
by the free-stream flow is different from the external flow
direction. A comparison of the directions of the surface
streamline and a corresponding streamline in the external
flow provides a measure of the degree of secondary flow in
the boundary layer.

The direction « of the streamline in the vicinity of the
surface is given by the expression

%)
tan a,— 02/ Te_Ueto (46)

@) Ts  Oufts
0z

and the direction of the external streamline is

U
tan a,=—

(]

@7
The ratio

tan aw_f 48)

tan o, gu
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is then indicative of the degree of secondary flow in the
boundary layer. The angles «, and «, are defined in the
following sketch:

Leading edge-~

Free -stream

flow direction

S et U External streamline

e e

"Surface" streamline

Values of the ratio f, /g, for the obtained solutions are given
in table III and are also plotted in figure 7. As the yaw
parameter is increased, large relative increases in the second-
ary flow are obtained.

Ff-====renencununsnnnranavasannssanansun:
Wall - temperature
ratio,
6 20
5 *Wall temperature equal
to adiabatic wall HI
temperature
I C’ W s /aw
-; 1.5
N 4
S
i A
5 Wpliessi
3
AL H
25
> (0]
Prandtl number, HHH
Pr
1.0
Al
|
| 3 5 [ I

Yaw parameter, ’0/’/\/0
Ficure 7.—Ratio of chordwise to spanwise surface-shear parameters
fo ’w’ i )

for stagnation-line flow. (For Prandtl number of 1, Y

HEAT TRANSFER AND ADIABATIC WALL TEMPERATURE

quw
aw_t

(21), and (28) may be written

; and

The heat-transfer coefficient is defined as h=

by use of equations (7), (8),
in the dimensionless form

Nu | Yo (to—t ) /m—}—ldlnX (49)
Rew Uek taw d ].Il T

In terms of physical quantities, the heat-transfer coefficient
for stagnation-line flow may be expressed as

HEED V] o

The pertinent parameter from the exact solution is the
quantity <M
taw—tw

taw=1y, this quantity reduces to just 6,. However, for

Prandtl numbers other than 1, the complete expression is
necessary, and the adiabatic wall temperature is required .

)0,’,,. For a Prandtl number of 1, where

. to—t ' . s 4
The quantity (ﬁ) 6,, for stagnation-line flow is
aw w.

plotted in figure 6 for the present solutions. Figures 5 and 6
show that, while yaw tends to increase both the wall-shear
and the heat-transfer functions, the magnitude of the effect
on heat transfer is much smaller than the corresponding
effect on wall shear. For example, for #/ty, <2 and A <45°,
which from figure 1 includes all free-stream Mach numbers,
the heat-transfer parameter is increased less than 13 percent
over the value for #y/ty,=1. This indicates that, for many
practical problems, the effects of lack of independence on
heat transfer may not be of great significance.

A comparison of the solutions for Pr=0.7 and Pr=1 at
to/to=0 and 0.5 indicates that the effect of Prandtl number,
on the heat-transfer parameter is essentially independent of
the yaw parameter and can be approximately accounted for
by the expression

l: M) 0;,] =Pri48(02) oy (61)
taw—tw Pr

The factor Pr®* in equation (51) represents an approxi-
mate average of the effect of Prandtl number on heat transfer
based on the presented exact solutions. This factor differs
slightly from the expression Pr®* proposed by Squire (ref.
19) for the unyawed stagnation-point flow.

The adiabatic wall or recovery temperature at the stagna-
tion line can be calculated from equation (31), where the
quantity ¢, is the local recovery factor defined by

e taw_ tNo
to—tw,

$w (52)

Values of ¢, have been calculated and are presented in table
IV. The values for incompressible flow (f/txy=1) have
been calculated by the method described in appendix D,
while those for to/tN0>1 and Pr=0.7 were obtained. by
solving equations (27) “subject to the boundary conditions
of equations (24) and (30), as described in the section Similar
Solutions.

The results for ty/ty,=1 may be closely represented by
Pr*#_and for #y/ty, >1 there is only a slight rise in recovery
factor from the incompressible value. It is thus felt that
the use of the conventional laminar recovery factor Pr'/?
would be adequate for most purposes.

The local recovery factor may be converted to a recovery
factor # based on free-stream temperature through the
expression

o

=1—(1—¢,) sin? A (53)
to_t
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REYNOLDS ANALOGY

From equations (41) and (49) a Reynolds analogy para-
meter between heat transfer and chordwise shear may be

written
i) C2)_ o
4
to—tw> 0 o)
kw taw—tw &

For a Prandtl number of 1, this equatior reduces to 213, /65,
which is just twice the secondary-flow parameter listed in

table IIT and plotted in figure 7.
A more interesting and perhaps more useful Reynolds

analogy can be written in terms of the spanwise shear.
From equations (42), (49), and (51),

( Ts )(wx)

20,02/ \ vy 204 2

: to—t > Pro-46 (55)
w 0!

E taw_‘tw ¥

This latter approximate relation applies to all the present
solutions, since for a Prandtl number of 1, g,=#,,; and the
results shown in table IIT indicate that (¢,)p,~; is approxi-
mately equal to (gu)p;—07. The resemblance of equation
(55) to the conventional flat-plate Reynolds analogy is due
to the zero pressure gradient in the spanwise direction.

BOUNDARY-LAYER THICKNESS

The boundary-layer thickness in the physical plane can
be computed from equation (35). By definition of the
boundary-layer thickness § as the value of z at which 6=
0.9999 (i. e., n=mns), the expression for boundary-layer
thickness for a Prandtl number of 1 becomes (from eq. (35))

D d’l/e Wy <18 __t_w N _tN()) 2 tw
NVw U, dx _Jo [1 to>6 <1 T 0+t—0 2

(56)
This expression has been evaluated for a range of values of
tw/ty, and the results are shown in figure 8. The actual
boundary-layer thickness may then be computed easily for
any given combination of flow variables and wall tempera-
ture.

Wall-temperature

ratio,
twto
by k
T —j—t—{ .5
L
P—— Ran o
e Y
\*h* O

5 6 G 8 9 10 11
Yaw parameter, fo//p,

N
w
D

Ficure 8.—Boundary-layer thickness at stagnation line of yawed
cylinder. Prandtl number, 1.

ENGINEERING HEAT-TRANSFER RELATIONS FOR
STAGNATION-LINE FLOW

The local rate of heat transfer to the wall per unit wall
area is calculated from the relation

szh(taw“‘tw) (57)

which requires a knowledge of the heat-transfer coefficient %
and the adiabatic wall temperature ¢,,.

The adiabatic wall temperature at the stagnation line is
obtained from equation (52) with the recovery factor
evaluated from table IV.

The expression for heat-transfer coefficient is

to—tw dUe ’y—‘l <’lﬁ>2]
To evaluate the heat-transter coefficient & in the
stagnation-line region of agiven yawed cylinder,itisnecessary

to evaluate the fluid properties at the wall, the chordwise
velocity gradient du,/dz and the heat-transfer parameter

<t° > 6,. The evaluation of these items with consider-

taw—tw
ation of the effects of yaw is discussed in the following
paragraphs.

FLUID PROPERTIES AT THE WALL

The thermal conductivity and absolute viscosity can be
considered as functions of temperature alone, but the density
varies also with the pressure according to the equation of
state. The static pressure is determined from the inviscid
flow. When the chordwise component of the free-stream
velocity is supersonic, the wall pressure at the stagnation
line is that which would be sensed by a Pitot tube placed
normal to the shock. This pressure is related to the free-
stream static pressure by the expression

—

pwsl 'Y+1 2 7—{—1 - (58)
P. My ) |:2sz, s

(where My _=M, cos A). For subsonic chordwise flow

5

MN”>_‘_1 (59)

ws,~<l+

CHORDWISE VELOCITY GRADIENT

Based on the observation (refs. 20 and 21) that for normal
circular cylinders at free-stream Mach numbers greater than
2 the pressure coefficient varies about the cylinder as

(67
o =~ c0s? ) (60)

an expression for the velocity gradient at the stagnation line
du,/dz was derived. This relation in dimensionless form is

D du 2 20,0 \/2 P ) (61)

wlA 0
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Penland (ref. 20) further observed that equation (60) reason-
ably represents the chordwise pressure distribution over a
yawed cylinder. Therefore, equation (61) for a yawed
cylinder becomes just a function of the normal Mach number.
With a normal Mach number greater than about 2 and upon
introduction of the proper stagnation-line fluid properties,
equation (61) becomes

D due_ 2G/IVO \/2 pm
o @z, ;(l—p‘—ws,) (62)
It must be remembered that in equation (62)u. is the

chordwise component of the free-stream velocity.
For subsonic chordwise flow (according to ref. 22),

D du,
w4y —t(1—0.416M3 —0.164M, ) (63)
Relations (62) and (63) are plotted in figure 9 along with
available data on the chordwise velocity gradient from refer-

Yaw angle, | |
A, deg
4.0
gl’g FEq. (63) b 48 Beckwith and Gallagher
S N S s (unpublished data) 7
Q| 83.5F o O Gowen and Perkins (ref. 23) T
- 4 ) O Knowler and Pruden (ref. 24)4—
o a -0 to 45 Bursnall and Loftin (ref. 25)
aEJ 3.0 q;\ 5 0 gl
[ 7 o '14.3 e
g \ © 29.6¢ Penland (ref. 20)
g ] o 45.1 T
& o} o 59.8 T
= ———  Transonic estimate
920 : i
o T ‘Expenmentol subsoni‘c value§
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§ . . Z _59:(62) MNQ— @ B
*oji_n. [ 3 \
1.0 S ’—_.JT a {2 jJ;]r
0 | 2 3 & 5] 6 7§ 8 ) 10

Normal Mach number, My =M, cos A

Ficure 9.—Chordwise-velocity-gradient parameter as function of
normal Mach number component for flow at stagnation line of
yawed circular cylinder.

ences 20 and 23 to 25. It is to be noted that for subsonic
normal Mach numbers the experimental values of ZQ (3;;;
differ somewhat from the values of equation (63). It is
therefore recommended that these experimental values be
used in place of the equation. The broken line in figure 9
in the region 0.8<<M, cos A<1.5 was drawn as an estimate
of the velocity-gradient variation, since neither equation (62)
nor equation (63) is strictly applicable and there are no

experimental data available for that range.

HEAT-TRANSFER PARAMETER

For the general case of arbitrary Prandtl number and
surface temperature, it is reasonable to assume from equation
(51) that

[ _@:fi) 0"”] =(0],) p P40 (64)
tuw_tw Pr
Values of (6,)r,-; may be obtained from either table II1 or

figure 6.
When equations (58) to (64) are combined as required,

equation (50) becomes, for the stagnation line of a yawed
cylinder,

A / 0.6 Yo Po pwu,A) _p__d_u!
bbb oyt 2o (Bt) (2.4%) oo

EFFECT OF YAW ANGLE AND MACH NUMBER ON HEAT-TRANSFER
COEFFICENT AT THE STAGNATION LINE

The ratio of yawed to normal heat-transfer coefficient for
a given cylinder with the same conditions of free-stream and
surface temperatures is, from equation (65),

(p'”al.A) D Q?Ls)
ha-o Owro) pr=1 (p"’!l-ho) 2%)
poa uw dx Mo

(66)

This relation is plotted in figure 10 as a function of yaw
angle and Mach number for an essentially insulated surface

(;—"’z1> The value of D du, for these calculations was
0

u, dz
taken as the modified Newtonian value for M, cos A>1.5
(eq. (62)) and from the dotted line of figure 9 for
M., cos AL1.5.
For incompressible flow ;—9=1) the ratio of yawed to
Ny
normal heat-transfer coefficient becomes

h’“ ) = {oocAR 67)
A=0/M 5 =0

which is exactly that indicated experimentally for hot wires
by Schubauer and Klebanoff (ref. 26). For subsonic speeds
the yaw effect is very close to that for incompressible flow.
The curve for M,=1 is in some doubt because of the lack
of suitable experimental information on the chordwise
velocity gradient. The effect of yaw for supersonic flow
depends on the normal component of the stream Mach
number. In the region where the normal component of the
stream Mach number is supersonic, the curves of the ratio
of yawed to normal heat-transfer coefficient are all very
close to each other and somewhat below cos A (fig. 10).
As the normal Mach number becomes transoniec, the ratio
exceeds cos A, and at large yaw angles where the normal
Mach number is subsonic, the curves tend to approach a
(cos A)? variation.

The influence of the exact solutions reported herein can
be seen by comparing the curve for M, =7 with that for the
same Mach number but for 6, assumed constant at the
zero-yaw value. For a Mach number of infinity the ratio
of yawed to normal heat-transfer coefficient (not shown in
fig. 10) is only slightly below that for M ,=7 and from equa-
tions (58) and (66) is given by the relation

ha (0;)t0/tN0=seczA A
.hA=0>M°°—)m (0;)1\,0 (COS A)7 (68)

The application of the results of this investigation must
be terminated before the case of the parallel cylinder
(A=90°), since the initial hypothesis that spanwise de-
rivatives are identically zero does not apply.

Rt
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Frcure 10.—Effect of yaw on heat-transfer coefficient at stagnation
line of- circular cylinder with nearly insulated surface. Wall-
temperature ratio, ¢,/t, 1.0; Prandtl number, 1.

The effect of heating or cooling on the ratio of yawed to
normal heat-transfer coefficient is shown in figure 11 for a
Prandtl number of 1 in terms of a modification factor to the
nearly insulated result. The factor is

91

5, (&)
hA:O)tw/to__ Oinno talts
) 2)

hao/t,1t=1 0,,',A=0 bl

(69)

LTTI" Wall temperature
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Ficure 11.—Effect of surface-temperature level on heat-transfer-
coefficient ratio. Prandtl number, 1.

The effect of surface-temperature level from absolute zero
to twice free-stream stagnation temperature on the ratio of
heat-transfer coefficients is shown in figure 11 to be within
+10 percent of the insulated heat-transfer-coefficient ratio
for to/tN0<65.

The curves of figures 10 and 11 are essentially independent
of Prandtl number, since the effect of Prandtl number on

heat transfer has been approximately included through a
modification to the Pr=1 solutions. The effect of Prandtl
number is accounted for exactly through the expression

to‘_tw ) ’
(taw_'tw owA

hA) (m,:,)—
gw
hs=0/p;_0.1_ L\law—tw P07 o
ha U Oy
hA=0 Pr=1 0';A=0 Pr=1

which is shown in figure 12 for ¢,,/{,=0and 0.5. For a Prandtl
number of 0.7 there is a maximum effect of approximately
4 percent, which occurs for large values of the yaw param-
eter and a highly cooled wall.

1.00 T = ol
~| © Wall-temperature
| ~ ratio, fy/fp
N N
Q Q
“S|7c 98 >
< < [
S<: s<: -
B Wi
961 Z 5 4 5 6 7

Yaw parameter, 7o/7y o

Fiaure 12.—Effect of Prandtl number on heat-transfer-coefficient
ratio.

SUMMARY OF RESULTS

The equations for compressible-boundary-layer develop-
ment over a yawed infinite cylinder with heat transfer have
been presented and solutions obtained for stagnation-line
flow. The following are among the results obtained:

1. The ratio of yawed to normal heat-transfer coefficient
for the stagnation line of a given cylinder varies with yaw
angle A as (cos A)* for incompressible flow and shows
nearly that variation for much of the subsonic range.
Where the velocity normal to the cylinder is supersonic,
this ratio is again almost a unique function of yaw angle,
the ratio being in this case somewhat lower than cos A.
Most of this decrease in heat-transfer coefficient with yaw
angle can be accounted for by the change in local flow
quantities outside the boundary layer that occurs as the
normal Mach number and strength of the bow shock change
with yaw angle.

2. The effect of large amounts of heating or cooling on
the ratio of yawed to normal heat-transfer coefficient is
less than 10 percent for values of the yaw parameter #/ty,
less than 6 for surface-temperature levels from absolute
zero to twice free-stream stagnation temperature. Changing
the Prandtl number Pr from 1 to 0.7 had at most a 4-percent
effect on the ratio of yawed to normal heat-transfer co-
efficient.

3. The local recovery factor at the stagnation line of
yawed cylinders is closely represented by Pr®*. For most
purposes this may be approximated by the square root of
the Prandtl number.

4. Where the independence principle does not apply, the
effects of yaw on chordwise wall shear are much larger on a
percentage basis than the corresponding effects on spanwise
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shear or heat transfer. For yaw angles up to 45° and for
all Mach numbers, values of a local heat-transfer parameter
Nu/\Re, (Where Nu is Nusselt number and Re, is the
Reynolds number at the wall) for stagnation-line flow are
less than 13 percent above the zero-yaw value.

5. For favorable pressure gradient, a chordwise velocity
overshoot is obtained where the sum of the surface tempera-
ture and the free-stream stagnation temperature is greater
than twice the external temperature (f,+t>2ty). While
in the unyawed case velocity overshoot is obtained only for
heated surfaces, with yaw it is obtained also for cooled
surfaces. Another unusual effect noted was that for Prandtl

numbers less than unity, when velocity overshoot was
obtained for an insulated or cooled surface, the local stagna-
tion enthalpy within the boundary layer exceeded the stream
stagnation enthalpy.

6. The degree of secondary flow, as evidenced by the
deflection of the ‘“‘wall” streamline compared with the
external streamline, increased with wall temperature and
yaw-angle parameter.

Lewis Fricar ProPuLsioN LABORATORY
NaTronarL Apvisory COMMITTEE FOR AERONAUTICS
CrLevELAND, OHIO, April 4, 1957
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APPENDIX A

SYMBOLS
constants in asymptotic solution %
sonic velocity 2
stagnation-line chordwise velocity gradient, | «

Gl
O=%"a% B
pressure coefficient, lp ok g
5 Pl ¢
local skin-friction coefficient S
specific heat at constant pressure
diameter of cylinder at stagnation line 1
function related to stream function, .
v m—1
21/0U,X K
spanwise velocity variable A
U0’
total enthalpy, c,,t—}-T
heat-transfer coefficient X
thermal conductivity ©
Sutherland’s constant v
Mach number p
exponent from U,=CX™ T
Nusselt number, ha/k, ¥
Prandtl number Subscripts:
pressure aw
heat-transfer rate to wall per unit area ¢
gas constant
f ¢ fact baw—Vw max
ree-stream recovery factor, %~ N
Reynolds number at the wall, e zl
static temperature w
transformed chordwise velocity component ©
chordwise velocity component
spanwise velocity component 0
transformed normal velocity component A
normal velocity component A=0
transformed chordwise coordinate Superseripts:
chordwise coordinate 1

spanwise coordinate

transformed normal coordinate
normal coordinate
streamline inclination

- 2m
pressure-gradient parameter, -

ratio of specific heats

boundary-layer thickness

spanwise temperature-difference parameter
local recovery factor

PG 5 . m+1 Ue

similarity variable, Z\/ o X
/ ;o H—=H,
normalized enthalpy function, i

constant in asymptotic solution
yaw angle

Xzﬂ):(twks") \/t_w
t/to tw“"kSu t()
absolute viscosity
kinematic viscosity
density

wall shear stress

stream function

adiabatic wall

chordwise

local flow outside boundary layer (external)

maximum

component normal to cylinder axis

spanwise

stagnation line

wall or surface value

free-stream quantity ahead of bow shock
wave

free-stream stagnation value

quantity pertaining to yawed cylinder

quantity pertaining to normal cylinder

differentiation with respect to 7

asymptotic quantity
17




APPENDIX B

SOLUTION OF ORDINARY DIFFERENTIAL EQUATIONS

Solutions to equations (25) were obtained independently
at both the NACA Lewis and Langley laboratories. The

solutions to equations (27) were obtained at the Langley -

laboratory. The procedure used at the Lewis laboratory
was the forward integration technique described in appendix
B of reference 27, and is based on five-point integration
formulas. This is the same procedure as that used in obtain-
ing some of the solutions presented in reference 15. An IBM
card-programmed electronic calculator was used.

At the Langley laboratory the step-by-step integration
procedure described in reference 28 was used. This procedure
seems somewhat superior to the five-point technique and some
of the results will therefore be described in detail. This
particular procedure is a modification of the Runge-Kutta
method and was developed primarily for automatic digital
computing machines. The Bell Telephone Laboratories
X-66744 relay computer at Langley is one of this type and
was used for the present solutions. A step size of 0.2 was
used for all the solutions, although a few solutions were also
calculated with a step size of 0.1 for the purpose of evaluating
the error due to step size. The calculations were carried out
to n=6.0, since the results showed that the stream boundary
conditions could always be satisfied to the desired degree of
accuracy for 1<6.0.

CONVERGENCE TO BOUNDARY CONDITIONS

The integration of the present equations constitutes a
“two-point boundary-value problem’ in which the correct
initial values at 7=0 (such that the boundary conditions for
large 7 are satisfied) of the functions or their derivatives are
usually found by a trial-and-error or interpolation method.

The procedure used to obtain convergence for the present
solutions involved an adaptation of Newton’s method to three
variables and the idea that for large n the value of the func-
tions depends on the assumed initial values at y=0. Apply-
ing this procedure to equations (27) with boundary conditions
of equations (24) results in the following general functional
forms:

fo=Ffo(fu 00,90)
00=0.(fw 00,90) (B1)
9o=0w (ftyyo;mg:o)

where the subscripts © and w denote the computed values
of the function at large »n and at »n=0, respectively. The
error in the functions at large 5 is then given by

18

1O s OFL o O o
Oy 2y DB s B
dew_af;’ df, +ai; d0w+$; Jw - (B2)
_agm 1 bgw ’ bga, ’
dgw—af’g dfw +30:,, d0w+b“g; dng

The various partial derivatives in equations (B2) may be
evaluated approximately from four trial solutions according
to the following table:

Initial values
Trial solution Partial derivative
iy 0. ge
1 fe, by | 0u,
0/0f)
2 fe, b, G,
o
3 A R i
r’ ’ ) a/ag;
4 f g 0"2 g va

The best solution of these four, for example solution 1, is then
used to obtain the errors, which from equations (24) are

dfo=f'(=)—fo =1—F.,
d0w= 0(°°)_00”=1_0m( (B3)
dJo=9(®) —guo,~1—ga,

where f.,, 6., and g, . are the computed values at large
from the best solution.

Equations (B2) are then solved simultaneously for
dfy, d6,, and dg,. The corrected initial values are

toy="To, +d 10
Oy =00, +d 6;, (B4)
Juy=9u,+d gl

which may be used for repeating the whole procedure until
convergence is attained. In the present problem, however,
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satisfactory convergence was attained by computing a trial
solution with the corrected initial values and then using
the results of this new solution to reevaluate df,, df.,
and dg, from equations (B3); equations (B2) were then
solved for df’;, df.,, and dg, by using the partial derivatives
already obtained. A new set of initial values is computed

from equation (B4) and the results of the new solution,

and the procedure is repeated until the boundary conditions
are satisfied to the desired degree of accuracy. In most
cases four or five more trial solutions were required for this
purpose, which made a total of about nine trial solutions
for any one case. Note, however, that in accordance with
Newton’s method the preceding procedure cannot be expected
to give satisfactory convergence unless the errors dfe,
dé., and dg,, from the original four solutions are reasonably
small. In the present problem these errors were limited
to about 0.4 before the partial derivatives were evaluated.

ACCURACY OF SOLUTION

The inherent error in the Runge-Kutta method is of the
order of the step size to the fifth power. A discussion of the
errors in the integration procedure used here is given in
reference 28.

An example of the errors due to step size and initial values
for one of the present solutions is given in the following
table for the case t,/ty)=1.5, to/ty,=1.2, and Pr=1:

o0, o0,
W_O'51 0—0;—1.56
In general, all the solutions were repeated until the maxi-

mum error in the boundary conditions was at most 0.0001
in f/ and 0.00001 in 6 or g at n=6.0 with a step size of 0.2.
Reducing the step size to 0.1 gives a more accurate solution,
which can be used to evaluate the errors in the initial values
fo' and 6, for the 0.2 step size. Thus, the sample solutions
given in the table indicate that reducing the step size to
0.1, but using the same initial values, increases the errors
in the outer boundary conditions by 0.00066 for f’(6.0)
and by 0.00003 for 6(6.0). Adding these changes to the
maximum allowable computing errors of 0.0001 in f/(6.0) and
0.00001 in 6(6.0) results in an improved evaluation of the
actual errors, which would be approximately 0.0007 in
f7(6.0) and 0.00004 in 6(6.0). From these errors in f’ and 6
and the values of the partial derivatives just given, the
maxzimum errors in the initial values as obtained from
equations (B2) (modified for the case of Pr=1) are

df,) = £0.00001

dé;,= +0.00003
Thus, the initial values are accurate to at least the fourth
decimal place, assuming that a further decrease in step size

would not have much additional effect on the solutions.
The functions f’ and 8 are evidently accurate to the third

Tnttinl valiics Bounthry conditions ot and fourth decimal places, respectively, for large values of 7.
=6.0
Step size : COMPARISON OF THE TWO TECHNIQUES
4 0! "(6.0 (6.0 Among the cases calculated, three for #,/t,—1 were done
i . 1'(6.0) (6.0) g )
independently by both techniques. Comparisons of values
0.2 1664076 | 0.610859 | 0.999684 | 0.999908 of f,, and 6, as well as values of f, f, f"/, 6 and 6" at n=4
'] | 1604085 | :Gl0mes | :oo08s | roooozr | | ®regiven in the following tables:
1o b0
Inspection of the table indicates that the value of f” at large 5 it L
is relatively sensitive to both the initial values and the step g Five- Runge- Five- Runge-
size. This is in accordance with the values of the partial Ppaing Kuite poit T
derivatives, which for this case were
3ol 1. 29887 1. 29886 0. 57760 0. 57763
of >f 1.2 1. 36401 1. 36400 . 58446 . 58447
Jo_og4 fe_15.4 3.0 | 2.40863 | 2.40857 67698 - 67699
o o0,
I
f@ @ Jil ) 6 (4 o' (4)
toftn, i
Five- Runge- Five- Runge- Five- Runge- Five- Runge- Five- Runge-
point Kutta point Kutta point Kutta point Kutta ‘point Kutta
) i 3. 3902 3. 3901 1. 0000 1. 0000 0. 0001 0 0. 9996 0. 9996 0. 0016 0. 0016
1.2 3. 4265 3. 4263 1. 0002 1. 0000 0 —. 0001 . 9997 . 9996 . 0015 . 0015
3.0 3. 8946 3. 8947 1. 0002 1. 0001 —. 0006 —. 0007 . 9999 . 9999 . 0004 . 0004

There is a difference of not more than 0.0001 in the initial
values and not more than 0.0002 in the functions near the
outer edge of the boundary layer. An examination of other
values of the functions shows them to differ by 0.0002 or

less for all values of 5. It is felt therefore that all tabulated
values in tables I, II, and IIT are certainly correct to three
decimal places and that most of the tabulations are probably
correct to £0.0005.




APPENDIX C

ASYMPTOTIC SOLUTION

In examining the behavior of the presented solutions near
the outer edge of the boundary layer, it is useful to find a
solution of the system

2 t0
- —1 (1—9)

() -

f//l+ffl/ f/2

(27a)
9"’ +f9'=0 (27b)

tNo
0”+Prf0’—(1—Pr) b > (g»)"’ (27¢)

for large 7.

The asymptotic form for f (designated f) is assumed to
consist of a sum of terms, each smaller than the preceding.
Only the first two terms are considered herein. The cor-
responding solutions for the spanwise velocity function i

and the stagnation enthalpy function # are also obtained.
Let

f=fi+h (C1)
where
foh
Jof
Since limy— /=1, let
Fi=n—« (©2)

where « is an undetermined constant. If f, is inserted into
equation (27), the corresponding spanwise velocity function
g, and enthalpy function 6, must both be 1. Inserting

equations (C1) and (C2) into equations (27) and dropping
higher order terms result in

it aof=2fit2 (1) st (1) o9
92+ (1—1)§:=0 (C4

~ o — ¢
B+Prin—ni=—20=E0 (1 D) g (g

MAS 0

to !

Equations (C3), (C4), and (C5) are very similar to equations
(B3) of reference 15. For Pr=1 and to/tyy=1, they are

identical. The procedure for obtaining the asymptotic
20

solution is similar to that in appendix B of reference 15.
Equation (C4) can be integrated directly to give

(n—x)?

9:=A4, exp— 3 (C6)

which integrates once again to the complementary error
function

© N
Go=—A4, f ezp—(—"—2—")— dn
n

gzz—é ﬁr cerfl: n-—x)] €7

or

B2

By use of equations (C4) and (C6), equation (C5) can now
be written

~ o =2 t 8 2
b/ +Prin—e)i=20—1) (1—%’) (1—0; eap— =)
w 0
3L
(C8)
Which has as its complete solution

(D ET

s T et 02 ] (9)

where the coefficient 4, may be evaluated by recognizing

that the asymptotic forms §, and 6, are identical for a Prandtl
number of 1. From equations (C7) and (C9) with Pr=1,

s

E—l

(C10)

Assume that this expression holds for Prs1.

Equation
(C9) then becomes

2

t
F2 (1_&q)+ te_

to

A (1“ )‘/Wc er[0=0]

gjcerf[(n—x)\/§ :| (C11)
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The expressions (C7) and (C11) for §, and 6, respectively,
may now be substituted into the differential equation (C3)

forﬂ',:

G Al\/P ’[ (tNo 1)+

tt_;’o %—1)]\/2—;%#[(71—@\/?] (C12)

For large n the right side of equation (C12) can be rewritten
using the leading term of the following expansion of the
complementary error function

%"—rcerf x:€27< ot - ) (C13)

Equation (C12) then becomes

R+ a—ofe—afi= =5 2 (1)

t—,;; ——1)] n—kK) " leap[—A (n—x)z] (C14)

A particular solution to equation (C14) is sought wherein
the leading term is of the form

= P

Ji=Ba—n* eap| —5 (=] (C15)
Substituting equation (C15) into equation (C14) and exam-
ining the results separately for Pr>1 and for Pr=1 result

in the following particular solutions:
For Prs=1

Far= — 2Pr( Pr—l)[ < —1)+
2;0 ——1)](1;-—;() 3eap|:-—— (n—x)z] (C16)

and for Pr=1

~ Y t e\

foo= l: (t~0_1>+t—1v0— ‘———1>:|(11—'<)_l 31?[—%]
(C17)

It is to be noted that for Pr<1, equations (C16) and (C17)
have the same qualitative behavior; that is, they are both

positive or negat)ive depending on whether the quantity

(—~—1 + 1) is positive or negative.
In, tND tn

The complementary function for f; can be found by noting
that the homogeneous part of equation (C12) is Weber’s
equation. Hartree (ref. 9) gives the general solution for
large values of the argument n—«, which can be written

Pl ) mp[ (i ]+A - (C18)

In order to satisfy the boundary condition lim f;=0, it is
necessary to take A;=0 in equation (C18). :

The asymptotic variations of velocity and enthalpy func-
tions are, from equations (C7), (C11), (C13), (C16), (C17),
and (C18)

= A4
(f )P,#l 1+2Pr(1 Pr) 2<tN0 ) tN0< —1)]

(1= eap[ = =07 |+

Ay(n—x)~® ezp [— ot 2] (C19)

(7 p,=,=1+‘i‘[2(t >+t~o ta_ ):I(,,_K)l

[_“‘TK)?]JFAg(n—K) -3 ep [_—(”——2")-] (36)

(=1l —%1 (m—x) ~* exp [—117—2—’()2‘] (37)

(%)
Pl -ty B e 7 (m—x)~ lezp[ (ﬂ—x)z:l
)
tn
)
1 i, (1=~ exp| = (1= | 39
2 (__1> n /4 2 n
to
An examination of equations (C18) for Pr<_1 and equation

(36) for Pr=1 shows that the velocity functions in these
cases have the same qualitative asymptotic behavior, since

[ the A, terms in both cases dominate over the A; terms.




APPENDIX D

STAGNATION-LINE RECOVERY FACTOR FOR YAWED CYLINDER

The evaluation of the recovery factor for the stagnation
line of a yawed cylinder in essentially incompressible flow
is accomplished by rewriting equations (27) with the quantity
tyy/to replaced by the equivalent expression 1— :gt » where

2Y0
% <<1 and with (l—t—'—”><<1. The resulting equa-
2Cpto tO

tions are

‘f/ll_{_ffI/:flz_l (Dl)
g"'+fg'=0 (D2)

v
0" +Pr fo' = (1—Pr) -2C2l0_ (ga) 1 (D3)

(=5

The first two of these equations are recognized as the mo-
mentum equations for chordwise and spanwise incompres-
sible stagnation-line flow over a yawed cylinder. The energy
equation (eq. (D3)) must be further reduced by writing ¢
in terms of the temperature-difference parameter

Lamle

= (D4)
2¢,

The expression for 8 in terms of ¢ becomes from equations
(14) and (D4)

2
(PF—1) =
e L v
0~ luw

Substitution of relations (D5) and (D2) into equation

. e LR
(D3) yields for finite S

»40

¢"'+Pr f¢'+2Pr g*=0 (D6)

Equation (D6) is identical to that of Schuh (ref. 29).
With the boundary conditions:

At n=0

At n—>®
¢=0

the value of ¢ at the wall becomes the recovery factor and
from equations (D1), (D2), and (D6) can be written

2 —fvPrfdv *n —(Pr—'-’)fﬂfdﬂ
Fom =3Pl f ¢ Jo J . o' dndy (D7)
n

0
where

- 1
Fo—— (D8)
@ —f ran
f e Y0 dy
0

For the present paper, values of {, were obtained for
Pr=0.7, 0.8, 0.9, and 1 and are shown in table IV. The
value indicated for Pr=0.7 agrees with that of Schuh.

A recovery factor for the stagnation line defined in terms
of free-stream static temperature is related to $w as follows:

7 EM:l—(l—g'w) sin? A (D8)
to—tm
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INFINITE CYLINDER WITH PRANDTL NUMBER OF 1

b to b to
bl =1 g LERET I B
=0; 12 £=0; =12
n f f’ e 4 6’ 7 i p s 6 6
0 0. 0000 0. 0000 0. 6489 0. 0000 0. 5067 0 0. 0000 0. 0000 0. 6823 0. 0000 0. 5130
2 . 0129 . 1291 . 6393 . 1013 . 5062 2 . 0136 .. 13567 . 6708 . 1026 . 5125
.4 . 0514 . 2546 . 6128 . 2023 . 5032 .4 . 0540 . 2670 . 6392 . 2048 . 5093
20 . 1143 . 3734 . 5728 . 3023 . 4951 .6 . 1199 . 3903 . 5920 . 3059 . 5007
.8 . 2001 . 4830 . 5226 . . 3999 . 4800 8 . 2094 . 5031 . 5338 . 4046 . 4847
1.0 . 3068 . 5819 . 4654 . 4937 . 4564 1.0 . 3203 . 6034 . 4688 . 4992 . 4598
1.2 . 4321 . 6690 . 4045 . 5819 . 4240 1.2 . 4499 . 6904 . 4010 . 5879 . 4259
1. 4 . 5736 . 7437 . 3427 . 6627 . 3835 1.4 . 5955 . 7638 . 3339 . 6690 . 3837
1.6 . 7288 . 8062 . 2828 . 7349 . 3368 136 . 7545 . 8242 . 2704 . 7410 . 3353
L8 . 8953 . 8571 . . 2270 L7972 . 2863 1=8 . 9244 . 8724 . 2128 . 8029 . 2835
2.0 1. 0709 . 8973 . 1769 . 8494 . 2353 2.0 1. 1028 . 9098 - 1827 . 8544 . 2315
2.2 1. 2536 . 9283 . 1338 . 8915 . 1865 2.2 1. 2877 . 9380 . 1206 . 8957 . 1823
2.4 1. 4417 . 9513 . 0980 . 9243 . 1424 2.4 1. 4775 . 9586 . 0866 . 9277 . 1383
2.6 1. 6337 . 9680 . 0694 . 9489 . 1047 2.6 1. 6707 . 9731 . 0603 . 9515 . 1009
2.8 1. 8285 . 9795 . 0476 . 9666 . 0741 2.8 1. 8664 . 9831 . 0406 . 9685 . 0709
3.0 2. 0253 . 9874 . 0315 . 9790 . 0504 3.0 2. 0638 . 9897 . 0264 . 9803 . 0479
3.2 2. 2233 . 9924 . 0201 . 9872 . 0330 3.2 2. 2622 . 9940 . 0166 . 9881 . 0311
3.4 2. 4221 . 9956 . 0124 . 9925 . 0207 3.4 2. 4612 . 9966 . 0101 . 9931 . 0194
3.6 2. 6214 . 9976 . 0073 . 9958 . 0125 3.6 2. 6607 . 9981 . 0059 . 9961 . 0116
3.8 2. 8211 . 9987 . 0042 . 9977 . 0073 3.8 2. 8605 . 9990 . 0033 . 9979 . 0067
4.0 3. 0209 . 9993 . 0023 . 9988 . 0040 4.0 3. 0603 . 9995 . 0018 . 9989 . 0037
4.2 3. 2208 . 9997 . 0012 . 9994 . 0022 4.2 3. 2603 . 9998 . 0010 . 9994 . 0020
4.4 3. 4208 . 9999 . 0006 . 9997 -, 0011 4.4 3. 4602 1. 0000 . 0005 . 9997 . 0010
4.6 3. 6207 . 9999 . 0003 . 9999 . 0006 4.6 3. 6602 1. 0000 . 0003 . 9999 . 0005
4.8 3. 8207 1. 0000 . 0001 1. 0000 . 0003 4.8 3. 8603 1. 0001 .0002 | .9999 . 0002
5.0 4. 0603 1. 0001 . 0001 1. 0000 . 0001
5.2 4. 2603 1. 0001 . 0001 1. 0000 . 0000
5.4 4. 4603 1. 0001 . 0001 1. 0000 . 0000
5.6 4. 6603 1. 0001 . 0001 1. 0000 . 0000
5.8 4. 8604 1. 0002 . 0001 1. 0000 . 0009
L 6.0 5. 0604 1. 0002 . 0001 1. 0000 . 0000
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TABLE I.—Continued.

REPORT 1379—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER

NUMBER OF 1

WITH PRANDTL

tw to Lw to
=0 2 —1. AT
=05 =16 A0 20
.’, f f’ ‘fll 6 0! 7’ f f/ fll 0 9(

0 0. 0000 0. 0000 0. 7475 0. 0000 5249 0 0. 0000 0. 0000 0. 8105 . 0000 . 5358
.2 . 0149 . 1484 . 7319 . 1049 5243 o2 . 0161 . 1608 . 7907 . 1071 ., 5353
.4 . 0590 . 2910 . 6898 2095 5207 .4 . 0638 . 3141 . 7379 . 2139 . 5313
() . 1306 . 4230 . 6282 3128 5112 .16 . 1409 . 4544 . 6617 <3192 . 5207
W8 . 2273 . 5414 5540 4134 4034 .8 . 2444 . 5778 . 5716 . 4216 . 5013

13510 . 3461 . 6442 4735 . 5095 . 4661 1.0 . 3708 . 6826 . 4759 . 5190 . 4715

1.2 . 4839 . 7308 . 3924 5992 4291 1.2 . 5162 . 7683 . 3821 . 6095 . 4316

1.4 . 6374 . 8015 3153 6806 3836 1. 4 . 6769 . 8359 . 2957 . 6911 . 3832

1.6 . 8035 . 8574 2455 7523 3322 146 . 8495 . 8874 . 2206 . 7624 . 3290

1.'8 . 9795 . 9003 1853 8133 2780 1.8 1. 0309 . 9251 . 1586 . 8226 . 2726

2.0 1. 1629 . 9322 1355 8635 . 2244 2.0 1. 2188 . 9517 . 1099 . 8715 N2 1T

2.2 1. 3518 . 9552 0960 . 9033 1745 282, 1. 4111 . 9699 . 0734 . 9100 . 1674

2.4 1. 5445 L9712 0659 9337 1307 2.4 1. 6063 . 9818 . 0473 . 9389 . 1238

2.6 1. 7399 . 9820 0438 9561 0941 2.6 1. 8035 . 9893 . 0294 . 9600 . 0880

2.8 1. 9371 . 9891 0281 9719 . 0651 2.8 2. 0018 . 9939 . 0176 . 9747 . 0602

30 2. 1354 . 9936 0175 9826 . 0434 3.0 2. 2009 . 9966 . 0102 . 9845 . 0395

3.2 2. 3344 . 9964 0106 9896 . 0277 3.2 2. 4004 . 9981 . 0057 . 9909 . 0249

3.4 2. 5338 . 9980 0061 9940 . 0171 3.4 2. 6002 . 9990 . 0030 . 9948 . 0151

3.6 2. 7335 . 9989 0035 . 9967 . 0101 3.6 2. 8000 . 9994 . 0015 . 9972 . 0088

3.8 2. 9334 . 9995 0019 . 9982 . 0057 3.8 2. 9999 . 9997 . 0007 . 9985 . 0049

4.0 3. 1333 . 9997 . 0010 . 9991 . 0031 4.0 3. 1999 . 9998 . 0003 . 9993 . 0027

4.2 3. 3333 . 9999 . 0005 . 9995 . 0016 ‘ 4.2 3. 3998 . 9998 . 0001 . 9997 . 0014

4. 4 3. 5333 . 9999 . 0002 . 9998 . 0008 4.4 3. 5998 . 9998 . 0000 . 9998 . 0007

4.6 3. 7333 1. 0000 . 0001 . 9999 . 0004 4.6 3. 7998 . 9998 . 0000 . 9999 . 0003

4. 8 3. 9332 1. 0000 . 0001 1. 0000 . 0002

50 | 4.1333 | 1.0000 L0000 | 1.0000 . 0001

52 | 4.3333 | 1 0000 -0000 | 10000 - 0000

54 | 4.5333 | 10000 10000 | 10000 - 0000

56 | 47333 | 1.0000 20000 | 1.0000 - 0000

5.8 4. 9333 1. 0000 . 0000 1. 0000 . 0000

6.0 | 51333 | 1.0000 L0000 | 1.0000 . 0000




TABLE I—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

COMPRESSIBLE LAMINAR BOUNDARY LAYER OVER A YAWED INFINITE CYLINDER

NUMBER OF 1

25

Wwp il & v ocite 4
0 a2 r=0; i 3.0

" ! # 7 o o n / 7 71 0 o
0 0.0000 | 0.0000 | 0.8413 | 0.0000 . 5410 0 0.0000 | 0.0000 | 0.9607 | 0.0000 . 5603
2 . 0168 1668 . 8194 . 1082 . 5404 2 . 0191 . 1900 . 9300 . 1120 . 5595
.4 . 0662 3253 . 611 . 2159 . 5362 .4 . 0763 . 3687 . 8494 . 2235 . 5546
.8 - 1459 1695 . 6776 - 3222 - 5252 .6 . 1653 . 5276 - 7361 . 3333 . 5417
.8 . 2528 5954 . 5795 . 4254 . 5049 bR . 2847 . 6620 . 6061 . 4395 . 5181
1.0 . 3828 7010 . 4763 . 5235 . 4740 1510 . 4283 . 7699 . 4738 . 5398 . 4826
1.2 . 5318 7862 . 3764 . 6143 . 4327 1.2 - 5909 - 8521 - 3507 . 6318 - 4360
14 - 6959 - 8522 . 2857 - 6960 . 3828 1.4 . 7676 . 9113 - 2446 . 7136 - 3807
1.6 . 8716 9013 - 2083 - 7671 - 3273 1.6 9542 | 9514 - 1596 . 7838 - 3205
1.8 | 10555 9365 - 1457 - 8268 - 2700 18 | 11472 . 9766 . 0963 - 8418 - 2598
2.0 1. 2454 9606 . 0978 . 8752 . 2145 2.0 1. 3441 . 9912 . 0527 . 8879 . 2025
2.2 1. 4392 9765 . 0629 . 9129 . 1640 2:2 1. 5432 . 9987 . 0249 . 9232 SIB17
2.4 1. 6356 . 9865 . 0388 . 9412 . 1206 2. 4 1. 7433 1. 0019 . 0089 . 9492 . 1092
5.6 | 18336 - 9925 - 0230 . 9617 . 0853 2.6 | 1.0438 | 1.0028 - 0008 . 9675 . 0756
2.8 2. 0325 9960 . 0130 . 9759 . 0579 2.8 2. 1444 1. 0026 —. 0025 . 9799 . 0502
3.0 2. 2319 9980 . 0070 . 9853 . 0378 3.0 2. 3449 1. 0020 —. 0032 . 9880 . 0321
3.2 | 2 4316 9990 - 0036 - 9914 . 0237 3.2 | 2.5452 | 1.0014 | —.0028 - 9931 - 0197
3.4 2. 6315 9996 . 0018 . 9951 . 0143 3.4 2. 7454 1. 0009 —. 0021 . 9962 . 0116
3.6 | 28314 9999 - 0009 - 9973 - 0083 3.6 | 2.9456 | 1.0005 | —. 0014 - 9980 - 0066
3.8 3. 0314 9999 . 0004 . 9986 . 0046 3.8 3. 1456 1. 0003 —. 0009 . 9989 . 0036
4.0 | 3.2314 | 1.0000 . 0002 . 9993 . 0025 4.0 | 3.3457 | 1.0002 | —.0005 . 9995 L0019
42 | 34314 | 1.0000 - 0001 - 9996 . 0013 42 | 35457 | 1.0001 | —. 0003 - 9997 - 0009
44 | 36314 | 1. 0000 - 0000 - 9998 - 0006 44 | 37457 | 1.0000 | —. 0001 - 9999 - 0004
4. 6 3. 8314 1. 0000 . 0000 . 9999 . 0003 4. 6 3. 9457 1. 0000 —. 0001 . 9999 . 0002
4. 8 4. 0314 1. 0000 . 0000 1. 0000 . 0001 4 8 4. 1457 1. 0000 . 0000 1. 0000 . 0001
6.0 4. 2314 1. 0000 . 0000 1. 0000 . 0001 5.0 4. 3457 1. 0000 . 0000 1. 0000 . 0000
5.2 | 44314 | 1.0000 -0000 | 1.0000 - 0000 52 | 45457 | 1.0000 -0000 | 1.0000 - 0000
5.4 4. 6314 1. 0000 . 0000 1. 0000 . 0000 5. 4 4. 7457 1. 0000 . 0000 1. 0000 . . 0000
56 | 4.8314 | 1.0000 0000 | 1.0000 - 0000 56 | 4.9457 | 1.0000 .0000 | 1. 0000 - 0000
5 8 5. 0314 1. 0000 . 0000 1. 0000 . 0000 5 8 5. 1457 1. 0000 . 0000 1. 0000 . 0000
6.0 | 52314 | 1.0000 L0000 | 1.0000 . 0000 6.0 | 53457 | 1.0000 L0000 | 1.0000 . 0000
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STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

NUMBER OF 1

dog; o tu_g. o _
to"“ ) tNo—4.0 to_O, tN0—6'0
7 f f’ f// 0 0 n f f’ f” 0 0
0 0. 0000 0. 0000 1. 1025 0. 0000 . 5815 0 0. 0000 0. 0000 1. 3679 0. 0000 . 6174
i . 0219 . 2176 1. 0603 1163 . 5806 .2 . 0271 . 2690 1. 3014 . 1234 . 6163
.4 . 0860 . 4196 . 9509 2319 . 5748 .4 . 1060 . 5137 1. 1320 . 2461 . 6086
.6 . 1880 . 59562 . 7997 3455 . 5596 (] . 2299 S L79 . 9038 . 3661 . 5889
. 8 . 3219 . 7383 . 6304 4549 . 5320 .8 . 3899 . 8740 . 6570 . 4806 . 5538
1.0 . 4811 . 8475 . 4632 . 5574 L4911 1.0 . 5763 . 9817 . 4249 . 5865 . 5030
1. 2 . 6588 . 9248 . 3138 6506 . 4383 1.2 L7797 1. 0465 . 2307 . 6810 . 4393
1.4 . 8492 . 9748 . 1918 7322 . 3770 1.4 . 9926 1. 0773 . 0861 . 7618 . 3680
1. 6 1. 0474 1. 0036 . 1009 . 8011 . 3119 156 1. 2091 1. 0843 —. 0082 . 8281 . 2953
158 1. 2496 1. 0172 0397 8571 . 2479 1.8 1. 4254 1. 0770 —. 0590 . 8802 . 2269
2.0 1. 4536 1. 0211 . 0032 9007 . 1892 2.0 1. 6394 1. 0629 —. 0776 . 9194 . 1670
2.2 1. 6577 1. 0197 —. 0149 9333 . 1386 2.2 1. 8504 1. 0473 —. 0759 . 9477 . 1178
2.4 1. 8613 1. 0159 —. 0210 9567 . 0975 2.4 2. 0584 1. 0332 —. 0638 . 9673 . 0797
2.6 2. 0641 120117, —. 0203 9729 . 0659 2.6 2. 2639 1. 0220 —. 0484 . 9802 . 0517
2.8 2. 2660 1. 0080 —. 0165 9836 . 0427 2.8 2. 4674 1. 0138 —. 0340 . 9885 . 0322
3.0 2. 4673 1. 0051 —. 0121 9905 . 0266 3.0 2. 6696 1. 0082 —. 0223 . 9936 . 0193
3.2 2. 6682 1. 0031 —. 0082 9946 . 0159 3.2 2. 8709 1. 0046 —. 0137 . 9965 -. 0111
3.4 2. 8686 1. 0018 —. 0052 . 9971 . 0092 3.4 3. 0715 1. 0025 —. 0080 . 9982 . 0061
3.6 3. 0689 1. 0010 —. 0031 9985 . 0051 3.6 3.2719 1. 0013 —. 0044 . 9991 . 0032
3.8 3. 2691 1. 0005 —. 0017 9992 . 0027 3.8 3. 4721 1. 0006 —. 0021 . 9996 . 0017
4.0 3. 4691 1. 0003 —. 0009 . 9996 . 0014 4.0 3. 6722 1. 0002 —. 0005 . 9998 . 0008
4.2 3. 6692 1. 0001 —. 0005 . 9998 . 0007 4.2 3. 8722 1. 0001 . 0013 9999 . 0004
4.4 3. 8692 1. 0001 | —. 0002 . 9999 . 0003
4.6 4. 0692 1. 0000 —. 0001 1. 0000 . 0001
4.8 4. 2692 1. 0000 —. 0001 1. 0000 . 0001
5.0 4. 4692 1. 0000 . 0000 1. 0000 . 0000
5.2 4. 6692 1, 0000 . 0000 1. 0000 . 0000
b. 4 4. 8692 1. 0000 . 0000 1..0000 . 0000
5. 6 5. 0692 1. 0000 . 0000 1. 0000 . 0000
58 5. 2692 1. 0000 . 0000 1. 0000 . 0000
6.0 5. 4692 1. 0000 . 0000 1. 0000 . 0000




TABLE I.—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

COMPRESSIBLE LAMINAR BOUNDARY LAYER OVER A YAWED INFINITE CYLINDER

NUMBER OF 1
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to_g. fo _ e L
70585 £=025; ;- =12
7 f f, f// 9 0’ 7 f f/ f” ) 9’

0 0. 0000 0. 0000 1. 4313 0. 0000 . 6254 0 0. 0000 0. 0000 0. 8673 0. 0000 . 5344
.2 . 0284 . 2813 1. 3584 . 1250 . 6242 2 . 0169 . 1669 . 7988 . 1068 . 5338
.4 . 1107 . 5359 1. 1736 . 2492 . 6161 .4 . 0657 . 3187 . 7175 . 2133 . 5297
.6 . 2398 . 7465 . 9259 . 3706 . 5953 .6 . 1432 . 4534 . 6292 . 3183 . 5189
.8 . 4059 . 9051 . 6601 . 4862 . 5584 .8 . 2459 . 5702 . 5387 . 4203 . 4993

1:40 . 5984 1. 0118 . 4128 . 5928 . 5052 1.0 . 3701 . 6690 . 4503 . 5173 . 4697

1.2 . 8076 1. 0731 . 2089 . 6874 . 4390 152 . 5124 . 7506 . 3672 . 6075 . 4301

14 1. 0253 1. 0990 . 0602 . 7680 . 3655 1. 4 . 6693 . 8164 . 2919 . 6888 . 3822

1.6 1. 2456 1. 1008 —. 0334 . 8336 . 2913 1.6 . 8380 . 8680 . 2261 . 7600 . 3288
18 1. 4648 1. 0887 —. 0807 . 8848 . 2221 18 1. 0157 . 9075 . 1703 . 8202 . 2732

2.0 1. 6808 1. 0707 —. 0946 . 9231 . 1622 2.0 1. 2003 . 9368 . 1247 . 8694 . 2189

2.2 1. 8930 1. 0522 —. 0880 . 9504 . 1134 2.2 1. 3899 . 9580 . 0887 . 9081 . 1690

2. 4 2. 1018 1. 0361 —. 0718 . 9692 . 0761 2.4 1. 5831 . 9729 . 0612 . 9374 . 1255

2.6 2. 3077 1. 0236 —. 0533 . 9815 . 0490 2.6 1. 7788 . 9830 . 0410 . 9588 . 0897

2.8 2. 5115 1. 0146 —. 0368 . 9893 . 0302 2.8 1. 9761 . 9897 . 0265 . 9738 . 0616

3.0 2. 7138 1. 0086 —. 0238 . 9941 . 0179 3.0 2. 1745 . 9939 . 0166 . 9839 . 0407

3.2 2. 9151 1. 0049 —. 0145 . 9968 . 0102 3.2 2. 3736 . 9965 . 0101 . 9905 . 0258

3.4 3. 1158 1. 0026 —. 0084 . 9983 . 0056 3.4 2. 5730 . 9981 . 0059 . 9945 . 0158

3.6 3. 3162 1. 0014 —. 0046 . 9992 . 0029 3.6 2. 7728 . 9990 . 0034 . 9970 . 0092

3.8 3. 5164 1. 0007 —. 0024 . 9996 . 0015 3.8 2. 9726 . 9995 . 0019 . 9984 . 0052

4.0 3. 7165 1. 0003 —. 0012 . 9998 . 0007 4.0 3. 1725 . 9998 . 0010 . 9992 . 0028

4.2 3. 9166 1. 0002 —. 0006 . 9999 . 0003 4 2 3. 3725 . 9999 . 0005 . 9996 . 0015

4.4 4. 1166 1. 0001 —. 0003 1. 0000 . 0001 4.4 3. 5725 1. 0000 . 0003 . 9998 . 0007

4.6 4. 3166 1. 0000 —. 0001 1. 0000 . 0001 4. 6 3. 7725 1. 0001 . 0002 . 9999 . 0004

4.8 4. 5166 1. 0000 . 0000 1. 0000 . 0000 4.8 3. 9725 1. 0001 . 0001 1. 0000 . 0002

5.0 4. 7166 1. 0000 . 0000 1. 0000 . 0000 5.0 4. 1726 1. 0001 . 0001 1. 0000 . 0001

5. 2 4. 9166 1. 0000 . 0000 1. 0000 . 0000 5.2 4. 3726 1. 0001 . 0001 1. 0000 . 0000

5. 4 5. 1166 1. 0000 . 0000 1. 0000 . 0000 5.4 4. 5726 1. 0001 . 0001 1. 0000 . 0000

5.6 5. 3166 1. 0000 . 0000 1. 0000 . 0000 5.6 4. 7726 1. 0001 . 0001 1. 0000 . 0000

58 5. 5166 1. 0000 . 0000 1. 0000 . 0000 5.8 4. 9727 1. 0002 . 0001 1. 0000 . 0000

6.0 5. 7166 1. 0000 . 0000 1. 0000 . 0000 6.0 5. 1727 1. 0002 . 0001 1. 0000 . 0000
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STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL
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NUMBER OF 1

be_pos; 0 _16
o

by

be_g.95; B _99
o tng

tng t
n if I il 0 o’ n i i bl 0 o'

0 0. 0000 0. 6000 0. 9850 0. 0000 0. 5507 0 0. 0000 0. 0000 PSH30) 0. 0000 0. 5724
.2 . 0191 . 1882 . 8935 . 1101 . 5500 .2 . 0223 . 2185 1. 0268 . 1144 . 5716
.4 . 0739 . 3563 . 7856 2197 . 5452 .4 . 0856 . 4093 . 8787 . 2283 . 5658
.6 . 1602 . 5019 6699 3277 . 5329 .6 . 1839 . 5694 . 7224 . 3402 . 5511
.8 . 2732 . 6243 . 5542 4322 5105 .8 . 3113 . 6985 . 5698 . 4479 . 5247

1.0 . 4084 7240 4445 5312 . 4770 180 . 4614 . 7982 . 4299 . 5492 . 4858

15 . 5614 8028 3453 6223 . 4330 152 . 6288 . 8717 . 3092 . 6415 . 4358

1.4 . 7283 . 8630 2597 7038 . 3807 1.4 . 8086 . 9233 . 2109 . 7229 . 3715

1. 6 . 9056 . 9076 1889 7743 . 3234 1.6 . 9970 . 9576 . 1355 . 7922 . 3152

1.8 1. 0905 9395 1328 8331 . 2649 1.8 1. 1908 . 9789 . 0812 . 8490 . 2532

2.0 1. 2807 . 9616 . 0902 8004 . 2090 2.0 1. 3880 . 9912 . 0446 . 8939 . 1957

2.2 1. 4746 . 9764 . 0592 9171 . 1587 2.2 1. 5869 . 9977 . 0217 . 9278 . 1453

2. 4 1. 6709 9859 . 0375 9444 . 1159 2 4 1. 7868 1. 0005 . 0086 . 9525 . 1037

2.6 1. 8688 . 9919 0230 9640 . 0813 206 1. 9870 1. 0015 . 0019 . 9699 - Q7TEL

2.8 2. 0675 9954 0136 9774 . 0549 2.8 2. 1873 1. 0015 —. 0010 . 9815 . 0469

3.0 2. 2669 . 9975 . 0078 9864 . 0356 3.0 2. 3876 1. 0012 —. 0018 . 9891 . 0297

3.2 2. 4665 . 9987 . 0043 9921 . 0222 3.2 2. 5878 1. 0009 —. 0017 . 9938 . 0180

3.4 2. 6663 . 9994 . 0023 9955 . 0133 3.4 2. 7880 1. 0006 —. 0013 . 9966 . 0105

3.6 2. 8662 . 9997 . 0012 9976 . 0076 3.6 2. 9881 1. 0003 —. 0009 . 9982 . 0059

3.8 3. 0662 9999 0006 9987 . 0042 3.8 3. 1881 1. 0002 —. 0005 . 9991 . 0032

4.0 3. 2662 . 9999 . 0003 9994 . 0022 4.0 3. 3881 1. 0001 —. 0003 . 9995 . 0017

4.2 3. 4661 1. 0000 . 0001 9997 . 0011 452 3. 5882 1. 0001 —. 0002 . 9998 . 0008

4. 4 3. 6661 1. 0000 . 0001 9999 . 0006 4.4 3. 7882 1. 0000 —. 0001 . 9999 . 0004

4.6 3. 8661 1. 0000 . 0000 9999 . 0003 4.6 3. 9882 1. 0000 . 0000 1. 0000 . 0002

4.8 4. 0661 1. 0000 . 0000 1, 0000 . 0001 4.8 4. 1882 1. 0000 . 0000 1. 0000 . 0001

5.0 4. 2662 1. 0000 . 0000 1. 0000 0001 5.0 4. 3882 1. 0000 . 0000 1. 0000 . 0000

5.2 4. 4662 1. 0000 . 0000 1. 0000 0000 5.2 4. 5882 1. 0000 . 0000 1. 0000 . 0000

5.4 4. 6662 1. 0000 . 0000 1. 6000 0000 5. 4 4. 7882 1. 6000 . 0000 1. 0000 . 9000

5.6 4. 8662 1. 0000 . 0000 1. 6000 0000 5.6 4, 9882 1. 0000 . 6000 1. 6000 . 0000

5.8 5. 0662 1. 6000 0000 1. 0000 0000 58 5. 1882 1. 0600 0000 1. 0000 . 0000

6. 0 5. 2662 1. 0000 . 0000 1. 0000 0000 6.0 5. 3882 1. 6000 . 0000 1. 6000 . 6000
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TABLE I.—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED
NUMBER OF 1
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29

tw tﬂ tw tﬁ
2—0.25; -L=3, —0.5; 2=12
7=0.25; =30 =055 7

7 i e )i 6 o’ 7 f i S 0 4
0 0. 0000 0. 0000 1. 3644 0..0000 . 5976 0 0. 0000 0. 0000 1. 0409 0. 0000 . 5530
.2 . 0262 . 2563 1. 1918 . 1195 . 5965 .2 . 0200 1958 . 9158 . 1106 . 5522
.4 . 1000 . 4748 . 9898 . 2382 . 5895 .4 . 0766 3660 . 7859 . 2206 . 5472
%0 . 2134 . 6517 . 7799 . 3545 . 5716 N6 . 1647 5103 . 6582 . 3289 . 5344
S . 3580 . 7874 . 5799 . 4659 . 5401 .8 . 2791 6298 . 5379 . 4337 . 5114
1.0 . 5258 . 8852 . 4029 . 5696 . 4946 1.0 . 4151 7262 . 4288 . 5328 . 4773
1.2 . 7099 . 9905 . 2574 . 6630 . 4372 1.2 . 5682 8022 . 3331 . 6239 . 4327
1.4 . 9044 1. 0115 - . 1466 . 7440 . 3721 1.4 . 7348 8605 . 2521 . 7053 . 3799
1.6 1. 1049 1. 0200 . 0690 . 8116 . 3044 1.6 . 9114 9040 . 1856 . 7756 . 3223
158 1. 3082 1. 0210 . 0200 . 8659 . 2391 1358 1. 0956 . 9356 . 1329 . 8341 . 2637
2.0 1. 5124 1. 0182 —. 0070 . 9077 . 1803 2.0 1. 2851 9579 . 0925 . 8812 . 2079
2.2 1.7163 1. 0141 — 0187 . 9386 . 1306 2.2 1. 4783 9733 . 0625 . 9177 . 1677
2.4 1. 9195 1. 0100 =021 . 9606 . 0908 2.4 1. 6740 9835 . 0410 . 9448 . 1151
2.6 2.1219 1. 0067 —. 0187 . 9756 . 0606 2.6 1. 8714 . 9901 . 0260 . 9642 . 0807
2.8 2. 3236 1. 0042 —. 0145 . 9854 . 0389 2.8 2. 0699 9942 . 0160 . 9776 . 0544
3.0 2. 5247 1. 0025 —. 0103 . 9916 . 0239 3.0 2. 2690 9967 . 0096 . 9865 . 0353
3.2 2. 7253 1. 0014 —. 0068 . 9953 . 0142 3.2 2. 4685 9982 . 0055 . 9921 . 0220
3.4 2. 9257 1. 0008 —. 0042 . 9975 . 0081 3.4 2. 6683 9990 . 0031 . 9956 . 0131
3.6 3. 1259 1. 0004 —. 0024 . 9987 . 0044 3.6 2. 8681 9995 . 0017 . 9976 . 0076
3.8 3. 3260 1. 0002 —. 0013 . 9994 . 0023 3.8 3. 0680 9997 . 0009 . 9987 . 0042
4.0 3. 5261 1. 0001 =10007 . 9997 . 0012 4.0 3. 2680 . 9999 . 0004 . 9994 . 0022
4.2 3. 7261 1. 0001 —. 0004 . 9999 . 0006 4.2 3. 4680 . 9999 . 0002 . 9997 . 0011
4.4 3. 9261 1. 0000 —. 0002 . 9999 . 0003 4.4 3. 6680 . 9999 . 0001 . 9999 . 0006
4.6 4. 1262 1. 0000 . 0000 1. 0000 . 0001 4.6 3. 8680 1. 0000 . 0000 29999 . 0003
4.8 4. 3262 1. 0000 . 6000 1. 0000 . 0001 4.8 4. 0680 1. 0000 . 0000 1. 0000 . 0001
5.0 4. 5262 1. 0000 . 0000 1. 0000 . 0000 5.0 4. 2680 1. 0000 . 0000 1. 0000 . 0000
5.2 4. 7262 1. 0000 . 0000 1. 0000 . 0000 5.2 4. 4680 1. 0000 . 0000 1. 0000 . 0000
5.4 4. 9262 1. 0000 . 0000 1. 0000 . 0000 5.4 4. 6680 1. 0000 . 0000 1. 0000 . 0000
5. 6 5. 1262 1.00°0 . 0000 1. 0000 . 0000 5.6 4. 8679 1. 0000 . 0000 1. 0000 . 0000
5.8 5. 3262 1. 0000 . 0000 1. 0000 . 0000 5.8 5. 0679 1. 0000 . 0000 1. 0000 . 0000
6.0 5. 5262 1. 0000 . 0000 1. 0000 . 0000 6.0 -| 5.2679 1. 0000 - . 0000 1. 0000 . 0000
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TABLE I.—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

REPORT 1379—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

NUMBER OF 1

f to i to
L2—0.5; -2=16 Le—05; 2=2.
B g A g A

n f f ifi 6 o’ n f it T 0 6
0 0.0000 | 0.0000 | 1.2062 | 0.0000 . 5728 0 0.0000 | 0.0000 | 1.4406 | 0.0000 5986

.2 - 0230 .2247 | 10394 - 1145 . 5719 .2 . 0273 .2654 | 1.2111 . 1197 5975

4 . 0876 L4154 8973 - 2284 - 5659 .4 -1031 . 4841 - 9760 . 2386 5902

.6 . 1869 . 5720 . 7005 . 3403 . 5509 46 . 2179 . 6565 . 7518 . 3550 5719

.8 . 3143 . 6965 . 5469 . 4480 . 5242 .8 . 3628 . 7863 - 5506 . 4664 5398
1.0 . 4636 . 7920 4120 . 5491 . 4851 1.0 . 5299 . 8788 . 3803 . 5700 . 4939
1.2 . 6295 . 8627 2988 . 6413 . 4350 1.2 . 7123 . 9407 . 2446 . 6632 . 4363
14 . 8073 - 9130 - 2080 . 7226 . 3768 1.4 - 9047 - 9790 11433 | . 7440 - 3712
1.6 . 9936 . 9473 1385 . 7918 . 3148 1.6 1. 1028 1. 0001 . 0730 . 8115 . 3037
1.8 | 1.1855 . 9697 0880 . 8485 . 2532 1.8 | 1.3040 | 1.0098 . 0283 . 8657 2387
2.0 | 1.3809 . 9836 0531 . 8933 . 1959 2.0 | 1.5063 | 1.0127 . 0029 . 9074 1803
2.2 1. 5786 . 9917 0302 . 9273 . 1460 2.2 1. 7088 1..0119 —. 0091 . 9384 1307
2.4 | 17774 - 9962 0160 - 9522 - 1042 2.4 | 1.9110 | 1.0096 | —.0129 - 9604 . 0910
2.6 | 1.9769 . 9985 . 0078 - 9696 . 0716 2.6 | 21126 | 1.0070 | —. 0124 . 9754 0609
2.8 | 21767 - 9996 . 0034 - 9813 . 0472 2.8 | 2.3138 | 1.0047 | —.0100 . 9853 - 0391
3.0 | 2.3767 | 1.0000 . 0012 . 9889 . 0300 3.0 | 25146 | 1.0030 | —.0072 . 9915 . 0241
3.2 | 25767 | 1.0001 . 0003 . 9937 . 0183 32 | 27150 | 1.0018 | —.0048 . 9953 0143
3. 4 2. 7767 1. 0002 —. 0001 . 9965 . 0107 3.4 2. 9153 1. 0010 —. 0030 . 9974 . 0082
3.6 | 2.9768 | 1.0001 | —.0001 - 9982 - 0060 3.6 | 3.1155 | 1.0006 | —. 0018 . 9987 . 0045
3.8 | 31768 | 1.0001 | —.0001 - 9991 - 0033 3.8 | 3.3155 | 1.0003 | —. 0010 . 9993 - 0023
4.0 | 3.3768 | 1.0001 | —.0001 . 9995 . 0017 4.0 | 3.5156 | 1.0001 | —.0005 . 9997 0012
4.2 | 3.5768 | 1.0001 0000 - 9998 - 0008 42 | 3.7156 | 1.0001 | —.0003 - 9998 - 0006
4.4 | 3.7768 | 1.0001 - 0000 - 9999 - 0004 4.4 | 3.9156 | 1.0000 | —.0001 - 9999 - 0003
4.6 | 3.9769 | 1.0001 0000 | 1.0000 - 0002 4.6 | 41156 | 1.0000 0000 | 1.0000 - 0001
4.8 | 41769 | 1.0001 0000 | 1.0000 . 0001 4.8 | 4.3156 | 1.0000 .0000 | 1.0000 - 0000
50 | 4.3769 | 1.0001 .0000 | 1.0000 . 0000 50 | 4.5156 | 1.0000 .0000 | 1.0000 . 0000
52 | 4.5769 | 1.0001 0000 | 1.0000 - 0000 52 | 4.7156 | 1.0000 0000 | 1.0000 - 0000
5.4 | 47769 | 1.0001 .0000 | 1.0000 - 0000 54 | 4.9156 | 1.0000 0000 | 1.0000 - 0000
56 | 4.9769 | 1.0001 0000 | 1.0000 - 0000 56 | 51157 | 1.0000 .0000 | 1.0000 - 0000
58 | 51770 | 1.0001 0000 | 1.0000 - 0000 5.8 | 5.8157 | 1.0000 .0000 | 1.0000 0000
6.0 | 53770 | 1.0001 .0000 | 1.0000 . 0000 6.0 | 5.5157 | 1.0000 .0000 | 1.0000 . 0000
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TABLE I.—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL
NUMBER OF 1

tw ty tw to
0.5, 230 bo_0.5; 2=,
to % i, ty s tng b
n 5 I s 6 o’ 7 i i i 6 o’

0 0. 0000 0. 0000 1. 7341 0. 0000 . 6280 0 0. 0000 0. 0000 2. 0785 0. 0000 0. 6593
2 . 0326 . 3158 1. 4210 . 1255 . 6266 R . 0389 . 3744 1. 6608 . 1318 . 6576
.4 . 1221 . 5680 1. 1024 . 2501 . 6175 .4 . 1441 . 6640 1. 2386 . 2624 . 6463
.6 . 2557 . 7581 . 8035 . 3716 . 5950 ) . 2990 . 8720 . 8491 . 3892 . 6187
.8 . 4216 . 8919 . 5425 . 4870 . 5563 A2 . 4881 1. 0076 . 5184 . 5086 . 6721

150 . 6094 . 9784 . 3303 . 5931 . 5020 1.0 . 6982 1. 0842 . 2604 . 9168 . 5083

b2 . 8105 1. 0276 . 1706 . 6870 . 4356 1.2 . 9189 1. 1168 . 0783 o T . 4324

1.4 1. 0186 1. 0499 . 0610 . 7669 . 3628 1. 4 1. 1430 1. 1200 —. 0350 . 7895 . 3519

1.6 1. 2293 1. 0548 —. 0058 . 8321 . 2898 15558 1. 3658 1. 1065 —. 0926. . 8520 . 2738

1.8 1. 4399 1. 0498 —. 0398 . 8832 . 2219 1.8 1. 5851 1. 0856 —. 1105 . 8995 . 2038

2.0 1. 6490 1. 0403 —. 0513 . 9215 . 1629 2.0 1. 8000 1. 0638 —. 1043 . 9342 . 1453

2.2 1. 8560 1. 0301 —. 0493 . 9490 . 1148 2.2 2. 0108 1. 0446 —. 0862 . 9585 . 0992

2.4 2. 0611 1. 0210 —. 0409 . 9681 . 0776 2.4 2. 2182 1. 0295 . 0649 . 9747 . 0650

2.6 2. 2646 1. 0138 —. 0308 . 9807 . 0503 2.6 2. 4229 1. 0185 —. 0454 . 9852 . 0409

2.8 2. 4668 1. 0086 —. 0214 . 9887 . 0314 2.8 2. 6258 1,01t —. 0298 . 9916 . 0247

3.0 2. 6681 1. 0051 —. 0140 . 9937 . 0188 3.0 2. 8275 1. 0063 —. 0185 . 9954 . 0143

3.2 2. 8689 1. 0029 —. 0086 . 9966 . 0108 3.2 3. 0284 1. 0035 —. 0109 . 9976 . 0080

3. 4 3. 0694 1. 0016 —. 0050 . 9982 . 0060 3.4 3. 2290 1. 0018 —. 0061 . 9988 . 0043

3.6 3. 2696 1. 0008 —. 0028 . 9991 . 0032 3.6 3. 4293 1. 0009 —. 0032 . 9994 . 0022

3.8 3. 4697 1. 0004 —. 0015 . 9996 . 0016 3.8 3. 6294 1. 0004 —. 0017 . 9997 . 0010

4.0 3. 6698 1. 0002 —. 0008 . 9998 . 0008 4.0 3. 8294 1. 0001 —. 0008 . 9999 . 0005

4.2 3. 8698 1. 0001 —. 0004 . 9999 . 0004 4.2 4. 0295 1. 0001 —. 0004 1. 0000 . 0002

4.4 4. 0698 1. 0000 —. 0002 1. 0000 . 0001 4.4 4. 2295 1. 0000 —. 0002 1. 0000 . 0001

4.6 4. 2698 1. 0000 —. 0001 1. 0000 . 0001 4.6 4. 4295 1. 0000 —. 0001 1. 0000 . 0000

4.8 4. 4698 1. 0000 . 0000 1. 0000 . 0000 4.8 4. 6295 1. 0000 . 0000 1. 0000 . 0000

50 4. 6698 1. 0000 . 0000 1. 0000 . 0000 5.0 4. 8295 1. 0000 . 0000 1. 0000 . 0000

5. 2 4. 8698 1. 0000 . 0000 1. 0000 . 0000 5.2 5. 0295 1. 0000 . 0000 1. 0000 . 0000

5.4 5. 0698 1. 0000 . 0000 1. 0000 . 0000 5. 4 5. 2295 1. 0000 . 0000 1. 0000 . 0000

5.6 5. 2698 1. 0000 . 0000 1. 0000 . 0000 5.6 5. 4295 1. 0000 . 0000 1. 0000 . 0000

5 8 5. 4698 1. 0000 . 0000 1. 0000 . 0000 58 5. 6295 1. 0000 . 0000 1. 0000 . 0000

6.0 5. 6698 1. 0000 . 0000 1. 0000 . 0000 6.0 5. 8295 1. 0000 . 0000 1. 0000 . 0000
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TABLE I.—Continued.
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STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

NUMBER OF 1

b el oo, Bis
10_0'5’ tﬂo—6.5 t0—0.75, o 152

n f f I 0 o n i i i 0 o
0 0. 0000 0. 0000 2. 8663 0. 0000 L7213 0 0. 0000 0. 0000 1. 2059 0. 0000 . 5995

2 . 0529 . 5060 2. 1868 . 1441 . 7187 .2 . 0229 . 2230 1. 0244 . 1139 . 5686

.4 . 1933 . 8749 1. 5090 . 2865 . 1021 .4 . 0868 . 4100 . 8469 . 2271 . 5628

.6 . 3943 1. 1145 . 9042 . 4234 . 6626 .6 . 1846 . 5626 . 6814 . 3384 . 5480

.8 . 6318 1. 2445 . 4183 . 5498 . 5982 .8 . 3098 . 6837 . 5332 . 4455 . 5218
1.0 . 8866 1. 2910 . 0709 . 6613 . 5140 1.0 . 4563 S . 4054 . 5463 . 4834
1.2 1. 1446 1. 2817 —. 1423 . 7548 . 4195 142 . 6191 . 8473 . 2993 . 6382 . 4342
1.4 1. 3973 1. 2414 —. 2440 . 8292 . 3253 1.4 . 7940 . 8983 . 2142 L7194 37t
1.6 1. 6404 1. 1893 —. 2657 . 8855 . 2401 1.6 . 9775 . 9343 . 1484 . 7887 . 31569
1.8 1. 8731 1. 1382 —. 2396 . 9261 . 1689 18 1. 1669 . 9588 . 0995 . 8458 . 2550
2.0 2. 0963 1. 0948 —. 1921 . 9541 . 1136 2.0 1. 3604 . 9750 . 0645 . 8910 . 1980
2.2 2.3117 1. 0615 —. 1411 . 9725 . 0731 202 1. 5566 . 9853 . 0403 . 9255 . 1479
2.4 2. 5215 1. 0379 —. 0964 . 9842 . 0451 2.4 1. 7543 . 9917 . 0243 . 9507 . 1062
2.6 2.7274 1. 0223 —. 0619 . 9912 . 0267 2.6 1. 9531 . 9954 . 0142 . 9685 0735
2.8 2. 9308 1. 0125 —. 0375 . 9953 . 0152 2.8 2. 1524 . 9976 . 0079 . 9806 . 0487
3.0 3. 1327 1. 0067 —. 0216 . 9976 . 0083 3.0 2. 3520 . 9988 . 0043 . 9885 . 0310
3.2 3. 3337 1. 0034 —. 0119 . 9988 . 0043 3.2 2. 5518 . 9994 . 0022 . 9934 . 0190
3. 4 3. 5342 1. 0017 —. 0062 . 9994 . 0022 3.4 2. 7518 . 9997 . 0011 . 9963 . 0112
3.6 3. 7344 1. 0008 —. 0031 . 9997 . 0011 3.6 2. 9517 . 9999 . 0005 . 9980 . 0063
3.8 3. 9345 1. 0003 —. 0015 . 9999 . 0005 3.8 3. 1517 . 9999 . 0002 . 9990 .-0034
4.0 4. 1346 1. 0001 —. 0007 . 9999 . 0002 4.0 3. 3517 1. 0000 . 0001 . 9995 . 0018
4. 2 4. 3346 1. 0000 —. 0003 1. 0000 . 0001 4 2 3. 5517 1. 0000 . 0000 . 9998 . 0009
4.4 4. 5346 1. 0000 —. 0001 1. 0000 . 0000 4.4 3. 7517 1. 0000 . 0000 . 9999 . 0004
4.6 4. 7346 1. 0000 —. 0001 1. 0000 . 0000 4.6 3. 9517 1. 0000 . 0000 1. 0000 . 0002
4.8 4. 9346 1. 0000 . 0000 1. 0000 . 0000 4.8 4. 1517 1. 0000 . 0000 1. 0000 .0001
5.0 5. 1346 1. 0000 . 0000 1. 0000 . 0000 5.0 4. 3517 1. 0000 . 0000 1. 0000 . 0000
5.2 5. 3346 1. 0000 . 0000 1. 0000 . 0000 0. 2 4. 5517 1. 0000 . 0000 1. 0000 . 0000
5. 4 5. 5346 1. 0000 . 0000 1. 0000 . 0000 5.4 4. 7517 1. 0000 . 0000 1. 0000 . 0000
5. 6 5. 7346 1. 0000 . 0000 1. 0000 . 0000 5. 6 4. 9517 1. 0000 . 0000 1. 0000 . 0000
5.8 5. 9346 1. 0000 . 0000 1. 0000 . 0000 5 8 5. 1516 1. 0000 . 0000 1. 0000 . 0000
6.0 6. 1346 1. 0000 . 0000 1. 0000 . 0000 6.0 5. 3516 1. 0000 . 0000 1. 0000 . 0000
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TABLE I—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

NUMBER OF 1

tw lo tw to
22—0.75; -~ =1. —2—0.75; —=2.2
#=0.75; = 1.6 £=0.75 =

7 f f/ fll 9 0 n f fl f// 9 0’

0 0. 0000 0. 0000 1. 4153 0. 0000 . 5921 0 0. 0000 0. 0000 1. 7110 0. 0000 . 6212
2 . 0267 . 2589 1. 1735 . 1184 . 5910 .2 . 0320 . 3090 1. 3790 . 1242 . 6199
.4 . 1004 . 4699 . 9388 . 2360 . 5840 .4 . 1192 . 5524 1. 0592 . 2474 SO
.6 . 2117 . 63567 . 7231 . 3512 . 5663 .6 . 2489 . 7347 . 7706 . 3677 . 5894
s . 3520 . 7610 . 5347 . 4617 . 5355 3 S . 4096 . 8636 . 5254 . 4821 . 5520

150 . 5137 . 8516 < STl . 5645 . 4913 1.0 . 5914 . 9482 . 3294 . 5875 . 4996

152 . 6908 . 9142 . 2532 . 6574 . 4356 1.2 . 7866 . 9986 . 1829 . 6812 . 4354

1.4 . 8780 . 9550 . 1597 . 7383 . 3724 1.4, . 9892 1. 0243 . 0816 . 7612 . 3646

1. 6 1. 0717 . 9798 . 0932 . 8062 . 3065 1.6 1. 1953 1. 0337 . 0182 . 8270 . 2930

1.8 1. 2692 . 9937 . 0490 . 8610 . 2425 1563 1. 4021 1. 0335 —. 0163 . 8787 . 2260

2.0 1. 4687 1. 0006 . 0218 . 9036 . 1844 2.0 1. 6084 1. 0285 —. 0308 419179 . 1673

2.2 1. 6692 1. 0032 . 0065 . 9353 . 1348 2.2 1. 8134 1. 0220 —. 0331 . 9463 . 1188

2.4 1. 8699 1. 0037 —. 0009 . 9581 . 0946 2.4 2. 0172 1. 0157 —. 0290 . 9661 . 0810

2.6 2. 0706 1. 0032 —. 0037 . 9738 . 0638 2.6 2. 2198 1. 0105 —. 0225 . 9794 . 0530

2.8 2. 2711 1. 0024 —. 0041 . 9842 . 0413 2.8 2. 4215 1. 0067 —. 0161 . 9879 . 0333

3.0 2. 4715 1. 0016 —. 0034 . 9908 . 0257 3.0 2. 6226 1. 0040 —. 0107 . 9931 . 0201

3.2 2. 6718 1. 0010 —. 0025 . 9948 . 0154 3.2 2. 8232 1. 0023 —. 0067 . 9963 . 0117

3.4 2. 8720 1. 0006 —. 0016 . 9972 . 0088 3.4 3. 0235 1. 0013 —. 0040 . 9980 . 0065

3.6 3. 0720 1. 0004 —. 0010 . 9984 . 0049 3.6 3. 2237 1. 0007 —. 0022 . 9990 . 0035

3.8 3. 2721 1. 0002 —.-0006 ..9993 . 0026 3.8 3. 4238 1. 0003 —. 0012 . 9995 . 0018

4.0 3. 4721 1. 0001 —. 0003 . 9996 . 0013 4.0 3. 6239 1. 0002 —. 0006 . 9998 . 0009

4.2 3. 6721 1. 0001 —. 0002 . 9998 . 0007 4.2 3. 8239 1. 0001 —. 0003 . 9999 . 0004

4.4 3. 8722 1. 0000 —. 0001 . 9999 . 0003 4.4 4. 0239 1. 0000 —. 0001 1. 0000 . 0002

4.6 4. 0722 1. 0000 . 0000 1. 0000 . 0001 4.6 4. 2239 1. 0000 —. 0001 1. 0000 . 0001

4.8 4. 2722 1. 0000 . 0000 1. 0000 . 0001 4.8 4. 4239 1. 0000 . 0000 1. 0000 . 0000

5.0 4.4722 1. 0000 . 0000 1. 0000 . 0000 5.0 4. 6239 1. 0000 . 0000 1. 0000 . 0000

5.2 4. 6722 1. 0000 . 0000 1..0000 . 0000 5.2 4. 8239 1. 0000 . 0000 1. 0000 . 0000

5.4 4. 8722 1. 0000 . 0000 1. 0000 . 0000 5. 4 5. 0239 1. 0000 . 0000 1. 0000 . 0000

5.6 5. 0722 1. 0000 . 0000 1. 0000 . 0000 5.6 5. 2239 1. 0000 . 0000 1. 0000 . 0000

5.8 5. 2722 1. 0000 . 0000 1. 0000 . 0000 5.8 5. 4239 1. 0000 . 0000 1. 0000 . 0000

6.0 5. 4722 1. 0000 . 0000 1. 0000 . 0000 6.0 5. 6239 1. 0000 . 0000 1. 0000 . 0000
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TABLE I.—Continued. ,STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL
NUMBER OF 1

tw tO lw tO
—=0.75; =33 B0 =11
i e Pk g
,’l f fl fll 0 0! 77 j fl f/l 0 0!

0 0. 0000 0. 0000 2. 0802 0. 0000 . 6541 0 0. 0000 0. 0000 1. 2989 0. 0000 25776
o2 0386 . 3708 1. 6278 1307 . 6524 o b . 0245 . 2379 1. 0810 . 11585 . 5767
.4 1424 6525 1. 1961 2603 . 6413 .4 . 0923 . 4332 . 8747 2303 . 5703
.0 2942 . 8525 . 8139 . 3862 . 6143 =6 . 1952 . 5891 . 6880 . 3430 . 5545
.8 4788 9825 . 4987 . 5048 . 5688 .8 . 3256 7100 . 5256 . 4513 . 5265

1.0 . 6835 1. 0569 . 2579 6126 . 5066 1.0 L4772 . 8011 . 3896 . 5b27 . 4861

1.2 . 8988 1. 0905 . 0896 . 7066 . 4325 1.2 . 6444 . 8676 . 2798 . 6450 . 4346

1.4 181179 1. 0969 —. 0150 . 7852 . 3835 1.4 . 8229 9146 . 1944 . 1261 . 37563

156 1. 3366 1. 0878 —. 0694 . 8481 . 2766 146 1. 0093 . 9468 . 1305 . 7949 . 3125

1.8 1. 5526 1. 0715 —. 0884 . 8963 . 2072 1.8 1. 2009 9680 . 0844 . 8511 . 2506

2.0 1. 7651 1. 0538 —. 0855 . 9317 . 1487 2.0 1. 3960 . 9815 . 0525 . 8954 . 1933

2.2 1. 9743 1. 0380 —. 0718 9566 . 1023 2.2 1. 5932 . 9897 . 0314 . 9289 . 1434

2.4 2. 1805 1. 0253 —. 0547 9734 . 0675 2.4 1. 7916 9945 . 0180 . 9533 . 1022

2.6 2. 3846 1. 0160 —. 0386 . 9843 . 0428 2.6 1. 9909 . 9972 . 0098 . 9704 . 0700

2.8 2. 5871 1. 0097 —. 0255 9910 . 0260 2.8 2. 1905 . 9987 . 0051 . 9819 . 0461

3.0 2. 7886 1. 0056 —. 0159 9951 . 0152 3.0 2. 3903 . 9994 . 0025 . 9893 . 0292

3.2 2. 9895 1. 0031 —. 0094 . 9974 . 0085 3.2 2. 5902 . 9997 . 0012 . 9939 . 0177

3.4 3. 1899 1. 0016 —. 0053 . 9987 . 0046 3.4 2. 7902 . 9999 . 0005 . 9967 . 0104

3.6 3. 3902 1. 0008 —. 0029 . 9993 . 0024 3 6 2. 9901 1. 0000 . 0002 . 9982 . 0058

3.8 3. 5903 1. 0004 —. 0015 . 9997 . 0012 3.8 3. 1901 1. 0000 . 0001 . 9991 . 0031

4.0 3. 7904 1. 0002 —. 0007 . 9999 . 0006 4.0 3. 3901 1. 0000 . 0000 . 9996 . 0016

4 2 3. 9904 1. 0001 —. 0003 . 9999 . 0003 4.2 3. 5901 1. 0000 . 0000 . 9998 . 0008

4.4 4. 1904 1. 0001 —. 0001 1. 0000 . 0001 4 4 3. 7901 1. 0000 . 0000 . 9999 . 0004

4.6 4. 3904 1. 0001 . 0000 1. 0000 . 0001 4.6 3. 9901 1. 0000 . 0000 1. 0000 . 0002

4.8 4. 5904 1. 0001 . 0000 1. 0000 . 0000 4.8 4. 1901 1. 0000 . 0000 1. 0000 . 0001

5.0 4. 7905 1. 0001 . 0000 1. 0000 . 0000 5.0 4. 3901 1. 6000 . 0000 1. 0000 . 0000

5. 2 4, 9905 1. 0001 . 0000 1. 0000 . 0000 5.2 4. 5901 1. 0000 . 0000 1. 0000 . 0000

5. 4 5. 1905 1. 0001 . 0000 1. 0000 . 0000 5.4 4. 7901 1. 0000 . 0000 1. 0000 . 0000

5.6 5. 3905 1. 0001 . 0000 1. 0000 . 0000 5.6 4. 9901 1. 0000 . 0000 1. 0000 . 0000

5.8 5. 5905 1. 0001 . 0000 1. 0000 . 0000 5 8 5. 1901 1. 0000 . 0000 1. 0000 . 0000

6. 0 5. 7905 1. 0001 . 0000 1. 0000 . 0000 6.0 5. 3901 1. 0000 . 0000 1. 0000 . 0000
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TABLE I.—Continued.

STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

NUMBER OF 1

35

tw

13

)

B ol bol j0s 00
e=1.0; =12 =10 2 =15
7 f f/ f// ) ' ” 5 1 T 0 '

0 0. 0000 0. 0000 1. 3640 0. 0000 . 5845 0 0. 0000 0. 0000 15535 0. 0000 . 6035
.2 . 0257 . 2489 1. 1265 . 1168 . 5834 .2 . 0291 . 2809 1. 2569 1206 . 6023
.4 . 0965 . 4515 - 9020 . 2330 . 5768 .4 . 1085 .5040 | - . 9785 2405 . 5945
-6 . 2034 . 6112 . 6999 . 3469 . 5600 .6 2212 . 6743 . 7309 3577 . 5752
.8 . 3385 . 7333 . 5254 . 4561 . 5307 .8 . 3752 . 7989 . 5152 1696 . 5418

1.0 . 4946 . 8234 . 3808 . 5583 . 4884 .0 . 5442 . 8855 . 3523 5735 . 4944

1.2 . 6661 . 8875 . 2658 . 6508 . 4350 152 L7274 . 9424 . 2231 6666 . 4354

1. 4 . 8483 . 9315 . 1780 W37 . 3739 1 4 . 9197 . 9772 . 1299 7472 . 3694

1. 6 1. 0377 . 9603 . 1140 . 8001 . 3097 16 1. 1173 . 9964 . 0668 8142 L8013

1.8 1.°2317 . 9784 . 0694 . 8557 . 2468 158 1. 3176 1. 0055 . 0275 8679 . 2362

2.0 1. 4286 . 9891 . 0399 . 8992 . . 1892 2.0 1. 5191 1. 0085 . 0053 . 9091 . 1779

22 1. 6271 . 9950 . 0214 . 9319 . 1394 252 1. 7208 1. 0084 —. 0053 . 9396 . 1286

2.4 1. 8264 . 9981 . 0105 . 9555 . 0987 2.4 1. 9223 1. 0069 | —. 0090 . 9613 . 0894

2.6 2. 0262 . 9995 . 0045 . 9720 . 0671 2.6 2, 1235 1. 0050 —. 0090 9760 . 0596

2.8 | 2 2262 1. 0001 . 0015 . 9829 - 0439 2.8 | 23244 | 1.0034 | —.0073 . 9857 . 0382

3.0 2. 4262 1. 0002 . 0002 . 9900 . 0276 3.0 2. 5249 1. 0021 —. 0054 . 9917 . 0235

3.2 2. 6263 1. 0002 —. 0003 . 9943 . 0166 3.2 2. 7252 1. 0012 —. 0036 . 9954 . 0139

3.4 | 2 8263 1. 0002 | —. 0003 . 9969 . 0096 3.4 | 2 9254 1. 0007 | —. 0023 9975 . 0079

3. 6 3. 0263 1. 0001 —. 0003 . 9984 . 0054 3.6 3. 12556 1. 0003 —. 0014 9987 . 0043

3.8 | 3 2263 10001 | —. 0002 . 9992 . 0029 3.8 | 33255 1. 0001 | —. 0008 9994 . 0023

4.0 3. 4263 1. 0000 —. 0001 . 9996 . 0015 4.0 3. 5255 1. 0000 —. 0005 9997 . 0011

42 3. 6264 1. 0000 —. 0001 . 9998 . 0007 4.2 3. 7265 . 9999 —. 0003 9999 . 0006

4.4 3. 8264 1. 0000 . 0000 . 9999 . 0003

4. 6 4. 0264 1. 0000 . 0000 1. 0000 . 0002

4.8 4. 2264 1. 0000 . 0000 1. 0000 . 0001

5.0 4. 4263 1. 0000 . 0000 1. 0000 . 0000

5.2 4. 6263 1. 0000 . 0000 1. 0000 . 0000

5.4 | 4 8263 1. 0000 - 0000 1. 0000 - 0000

5516 5. 0263 1. 0000 . 0000 1. 0000 . 0000

5.8 5. 2263 1. 0000 . 0000 1. 0000 . 0000

6.0 5. 4263 1. 0000 . 0000 1. 0000 . 0000
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TABLE I.—Continued.

STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

NUMBER OF 1

REPORT 1379—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

w_q10. 00 _ tw_q109. 00 _
L0; 7 : 1.6 =10; tNo—z.o
7 f fl ffl 9 I'4 7 f fl f// I’} 0’

0 0.0000 | 0.0000 | 1.6149 | 0.0000 . 6094 0 0.0000 | 0.0000 | 1.8532 | 0.0000 . 6313
.2 - 0302 2912 | 1 2987 . 1218 . 6082 .2 . 0344 .3309 | 14583 1262 . 6298
4 1124 5208 |- 1. 0024 . 2428 - 6000 4 - 1272 . 5852 | 10910 . 2514 . 6202
.6 . 2348 . 6944 . 7398 . 3610 . 5799 .6 . 2639 . 7704 . 7698 3733 . 5968
.8 . 3869 . 8195 5188 . 4738 . 5452 .8 . 4315 . 8969 . 5051 4890 . 5569

L0 . 5599 . 9049 . 3423 . 5781 . 4961 1.0 . 6195 . 9764 3000 . 5951 . 5015

12 . 7468 . 9593 . 2089 . 6714 . 4354 1.2 .8197 | 1 0207 1520 6888 . 4344
1.4 - 9422 . 9910 1143 . 7518 . 3678 1.4 | 1.0261 | 1 0405 0538 . 7684 . 3612
16 | 11422 | 1 0071 0520 . 8184 . 2986 1.6 | 1.2349 | 1. 0449 | —. 0044 . 8333 . 2881
1.8 | 1.3444 | 1. 0134 0146 . 8714 . 2329 1.8 | 1.4435 | 1.0407 | —. 0331 . 8840 . 2204

2.0 | 1.5472 | 10141 | —. 0050 . 9120 . 1744 2.0 | 1.6509 | 1.0329 | —. 0425 . 9221 . 1617

2.2 | 17499 1. 0127 | —. 0131 . 9418 . 1254 2.2 | 1.8567 | 10245 | —. 0406 9494 . 1139

2.4 | 1 9520 1. 0093 | —. 0145 . 9629 . 0866 2.4 | 2.0608 | 10170 | —. 0335 9683 . 0770

2.6 | 2 1536 1. 0066 | —. 0126 . 9771 . 0575 2.6 | 22636 | 10112 | —. 0251 9809 . 0499

2.8 | 2 3547 1. 0043 | —. 0097 . 9864 . 0366 2.8 | 24654 | 1.0069 | —.0174 9889 . 0311

3.0 | 25554 | 10027 | —.0068 . 9922 . 0224 3.0 | 26664 | 1.0041 | —. 0114 9937 . 0186

3.2 | 2 7558 1. 0016 | —. 0044 . 9957 . 0132 3.2 | 2 8671 1.0023 | —. 0070 9966 . 0107

3.4 | 2 9560 10009 | —. 0027 . 9977 . 0075 3.4 | 30874 | 10012 | —. 0041 9982 - 0059

3.6 | 3. 1562 1 0005 | —. 0016 . 9988 . 0041 3.6 | 3.2676 | 10006 | —.0023 . 9991 . 0031

3.8 | 3 3562 1 0002 | —. 0009 9994 - 0021 3.8 | 34676 1.0002 | —. 0012 9996 . 0016

40 | 3 5563 10001 | —. 0005 . 9997 . 0011 40 | 3.6677 | 1.0000 | —. 0007 9998 . 0008

42 | 3 7563 10000 | —. 0002 . 9999 . 0005 .42 | 3 8677 9999 | —. 0004 9999 . 0004

44 | 39563 10000 | —. 0001 1. 0000 . 0002 44 | 40676 .9999 | —. 0002 | 1. 0000 - 0002

46 | 4 1563 10000 | —. 0001 1. 0000 . 0001

48 | 4 3563 1. 0000 0000 | 1.0000 - 0000

50 | 4 5563 1. 0000 0000 | 1.0000 . 0000

52 | 4 7563 1. 0000 0000 | 1.0000 . 0000

5.4 | 4.9563 1. 0000 0000 | 1.0000 . 0000

5.6 | 5 1563 1. 0000 0000 .| 1. 0000 . 0000

5.8 | 5 3563 1. 0000 0000 | 1. 0000 - 0000

6.0 | 5. 5563 1. 0000 .0000 | 1.0000 . 0000
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TABLE I—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL
NUMBER OF 1

tw = & JL_. tw: i ﬁ)-.—_.-
F=1.0; ;r=22 2=1.0; ;2=3.0

n ir il i o o’ n i 7 1 0 o
0 0. 0000 0. 0000 1. 9684 0. 0000 0. 6413 0 0. 0000 0. 0000 2. 4086 0. 0000 0. 6770
.2 . 0365 . 3500 1. 5343 . 1282 . 6397 2 . 0442 . 4222 1. 8178 . 1353 . 6750
.4 . 1344 . 6158 151317 . 2553 . 6295 .4 . 1613 . 7304 1. 2760 . 2692 . 6619
.6 . 2778 . 8062 . 7819 . 3790 . 6044 56 . 3297 . 9380 . 8149 |. .3988 . 6306
.8 . 4526 . 9328 . 4962 . 4959 . 5621 8 EEEb 310 1. 0628 . 4508 . 5201 . 5789
10 . 6476 1. 0092 . 2781 . 6027 . 5037 1.0 . 7507 1. 1249 . 1865 . 6292 . 5093
1.2 . 8539 1. 0483 . 1239 . 6966 . 4335 19 . 9781 1. 1435 . 0136 . 7231 . 4285
1.4 1. 0653 1. 0623 . 0249 . T757 . 3578 1l 1. 2063 1. 1353 —. 0836 . 8003 . 3444
1.6 1. 2778 1. 0611 —. 0305 . 8398 . 2831 18] 1. 4314 1l ALl —. 1246 . 8611 . 2645
1.8 1. 4892 1. 0522 —. 0546 . 8894 . 2146 15t 1. 6516 1. 0879 —. 1288 . 9068 . 1943
2.0 1. 6985 1. 0406 —. 0588 . 9263 . 1561 2.0 1. 8667 1. 0635 —. 1129 . 9397 . 1367
2.2 1. 9055 1. 0294 —. 0522 . 9526 . 1088 2.2 2. 0773 1. 0433 —. 0889 . 9624 . 0921
2.4 2. 1104 1. 0200 —. 0412 . 9706 . 0728 2.4 2. 2843 1. 0279 —. 0645 . 9774 . 0596
2. 6 2. 3137 1. 0129 —. 0299 . 9824 . 0468 2.6 2. 4888 1. 0172 —. 0438 . 9869 . 0370
2.8 2. 5157 1. 0079 —. 0203 . 9898 . 0289 2.8 2. 6914 1. 0101 —. 0280 . 9926 . 0220
3.0 2. 7170 1. 0046 —. 0129 . 9943 . 0171 3.0 2. 8930 1. 0059 —. 0170 . 9960 . 0126
3.2 2. 9177 1. 0026 —. 0078 . 9970 . 0098 3.2 3. 0938 1. 0030 —. 0980 . 9979 . 0069
3.4 3. 1181 1. 0014 —. 0045 . 9984 . 0053 3.4 3. 2943 1. 0016 —. 0054 . 9990 . 0037
3.6 3. 3183 1. 0907 —. 0025 . 9992 . 0028 3.6 3. 4945 1. 0008 —. 0028 . 9995 . 0019
3.8 3. 5184 1. 0003 —. 0013 . 9996 . 0014 3.8 3. 6946 1. 0004 —. 0014 . 9998 . 0009
4.0 3.7184 1. 0002 —. 0006 . 9998 . 0007 4.0 3. 8947 1. 0001 —. 0007 . 9999 . 0004
4.2 3. 9184 1. 0001 —. 0003 . 9999 . 0003 4.2 4. 0947 1. 0001 —. 0003 > 9999 . 0002
4.4 4.1184 1. 0000 —. 0001 1. 0000 . 0001 4.4 4. 2947 1. 0000 —. 0001 1. 0000 . 0001
4.6 4. 3184 1. 0000 —. 0001 1. 0000 . 0001 4.6 4. 4947 1. 0000 —. 0001 1. 0000 . 0000
4.8 4. 5184 1. 0000 . 0000 1. 0000 . 0000 4.8 4. 6947 1. 0000 . 0000 1. 0000 . 0000
5.0 4.7184 1. 0000 . 0000 1. 0000 . 0000 5.0 4. 8947 1. 0000 . 0000 1. 0000 . 0000
5.2 4. 9184 1. 0000 . 0000 1. 0000 . 0000 5.2 5. 0947 1. 0000 . 0000 1. 0000 . 0000
5.4 5. 1184 1. 0000 . 0000 1. 0000 . 0000 5.4 5. 2947 1. 0000 . 0000 1. 0000 . 0000
5.6 5. 3184 1. 0000 . 0000 1. 0000 . 0000 5.6 5. 4947 1. 0000 . 0000 1. 0000 . 0000
5.8 5. 5184 1. 0000 . 0000 1. 0000 . 0000 5.8 5. 6947 1. 0000 . 0000 1. 0000 . 0000
6.0 5.7184 1. 0000 . 0000 1. 0000 . 0000 6.0 5. 8947 1. 0000 . 0000 1. 0000 . 0000
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TABLE I.—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL
NUMBER OF 1

fe. g en bo 10 B
=10 =40 e=10; 72=60
[

n | ] f £ o o " 5 i £ g L e
0 0. 0000 0. 0000 2. 9230 0. 0000 0.7143 0 0. 0000 0. 0000 3. 8711 0. 0000 0. 7742
.2 . 0532 . 5053 2. 1371 . 1427 ST .2 . 0695 . 6555 2. 6962 . 1546 . 7705
.4 . 1921 . 8597 1. 4243 . 2837 . 6953 .4 . 2472 1. 0872 1. 6505 . 3069 . 7476
-6 . 3884 1. 0830 . 8312 . 4193 . 6566 .6 . 4917 1. 3296 . 8114 . 4517 . 6949
.8 . 6184 1. 2016 . 3790 . 5448 . 5940 o . 7694 1. 4276 . 2088 . 5829 . 6127
1.0 . 8640 1. 2440 . 0684 . 6556 . 5122 1.0 1. 0563 1. 4283 —. 1669 . 6954 . 5105
1.2 1. 1128 1. 2372 —. 1170 . 7490 . 4203 1.2 1. 3371 1. 3735 —. 3537 . 7866 . 4018
1.4 1. 3572 1. 2037 —. 2038 . 8238 . 3283 1.4 1. 6042 1. 2959 —. 4042 . 8565 . 2993
156 1. 5936 1. 1601 —. 2224 . 8808 . 2444 1.6 1. 8554 1. 2173 —. 3719 . 9073 . 20T
158 1. 8213 1. 1173 —. 2010 . 9224 . 1737 1.8 2. 0919 1. 1497 —. 3012 . 9425 . 1426
2.0 2. 0410 1. 0808 —. 1617 . 9513 . 1180 2.0 2. 3163 1. 0974 —. 2224 . 9656 . 0917
2.2 2. 2542 1. 0528 —. 1193 . 9706 . 0768 2.2 2. 5318 1. 0601 —. 1524 . 9802 . 0565
2. 4 2. 4627 1. 0328 —. 0820 . 9828 . 0479 2. 4 2. 7412 10354 «~. 0979 . 9890 . 0333
2.6 2. 6678 1. 0194 —. 0531 . 9904 . 0287 2.6 2. 9466 1. 0199 —. 0594 . 9941 . 0189
2.8 2. 8707 1. 0110 —. 0325 . 9948 . 0165 2.8 3. 1496 1. 0107 —. 0342 . 9969 . 0103
3.0 3. 0724 1. 0059 —. 0189 . 9973 . 0091 3.0 3. 3511 1. 0055 —. 0188 . 9985 . 0053
3.2 3. 2733 1. 0031 —. 0104 . 9986 . 0048 3.2 3. 5519 1. 0028 —. 0098 . 9992 . 0027
3. 4 3. 4737 1. 0015 —. 0055 . 9993 . 0025 3.4 3. 7523 1. 0013 —. 0050 . 9996 . 0012
3.6 3. 6739 1. 0007 —. 0028 . 9997 . 0012 3.6 3. 9525 1. 0006 —. 0025 . 9998 . 0004
3.8 3. 8740 1. 0003 —. 0014 . 9999 . 0006 3.8 4. 1526 1. 0003 —. 0014 . 9999 . 0003
4.0 4. 0741 1. 0001 —. 0006 . 9999 . 0003 4.0 4. 3527 1. 0001 —. 0001 . 9999 . 0002
4.2 4. 2741 1. 0001 —. 0002 1. 0000 . 0001
4 4 4. 4741 1. 0000 —. 0001 1. 0000 . 0000
4.6 4. 6741 1. 0000 —. 0001 1. 0000 . 0000
4.8 4. 8741 1. 0000 . 0000 1. 0000 . 0000
5.0 5. 0741 1. 0000 . 0000 1. 0000 . 0000
5.2 5.2741 1. 0000 . 0000 1. 0000 . 0000
5. 4 5. 4741 1. 0000 . 0000 1. 0000 . 0000
5.6 5. 6741 1. 0000 . 0000 1. 0000 . 0000
5.8 5. 8741 1. 0000 . 0000 1. 0000 . 0000
6.0 6. 0741 1. 0000 . 0000 1. 0000 . 0000
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TABLE I.—Continued.
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STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL
NUMBER OF 1

v to te o
be_1.0; 2 =65 b 0119
to 0; tny to " tvy
7 f I 1 0 o 7 f 1 £ I o
({] 0. 0000 0. 0000 4. 0951 0. 0000 . 7871 0 0. 0000 0. 0000 5. 9629 0. 0000 . 8808
.2 . 0734 . 6904 2. 8234 . 1572 . 7832 2 . 1047 . 9757 3. 8229 . 1758 . 8744
.4 . 2602 1. 1390 1. 6963 . 3118 . 7586 .4 . 3634 1. 5496 1. 9846 . 3476 . 8360
6 . 5155 1. 3843 . 7992 . 4585 . 7026 20 . 7030 1. 8006 . 6093 . 5072 . 7521
o8 . 8038 1. 4761 . 1635 . 5908 . 6160 s 1. 0687 1. 8268 —. 2673 . 6458 . 6300
1.0 1. 0993 1. 4661 —. 2239 . 7035 . 5092 1.0 1. 4251 1. 7230 —. 7058 . 7580 . 4908
152 1. 3866 1. 3999 —. 4073 . 7941 . 3971 1.2 1. 7544 1. 5659 —. 8231 . 8425 . 3569
1.4 1. 6580 1. 3125 —. 4468 . 8629 . 2928 1.4 2.0514 1. 4065 —. 7489 . 9022 . 2437
1.6 1. 9118 1. 2266 —. 4016 . 9123 . 2048 1.6 2. 3187 1. 2718 —. 5914 . 9418 . 1873
1.8 2. 1496 1. 1542 —. 3196 . 9461 . 1364 1.8 2. 5623 1. 1706 —. 4223 . 9668 . 0956
2.0 2. 3747 1. 0991 —. 2323 . 9681 . 0868 240 2. 7890 15 108 —. 2784 . 9818 . 0565
2.2 2. 5904 1. 0604 —. 1569 . 9819 . 0528 2.2 3. 0045 1. 0567 — 131D . 9905 . 0317
2.4 2. 7997 1. 0351 —. 0995 . 9901 . 0308 2.4 3. 2129 1. 0302 —. 8995 . 9952 . 0170
2.6 3. 0050 1. 0194 —. 0596 . 9947 ..0173 2.6 3. 4173 1. 0151 —. 0545 . 9977 . 0087
2.8 3. 2079 1. 0103 —. 0339 . 9973 . 0093 2.8 3. 6194 1. 0071 —. 0282 . 9990 . 0042
3.0 3. 4094 1. 0052 —. 0183 . 9987 . 0048 3.0 3. 8204 1. 0029 —. 0135 . 9996 . 0017
3.2 3. 6101 1. 0025 —. 0095 . 9994 . 0024 3.2 4. 0207 1. 0009 —. 0051 . 9999 . 0000
3. 4 3. 8105 1. 0012 —. 0047 . 9997 . 0011
3.6 4. 0106 1. 0005 —. 0022 . 9999 . 0005
3.8 4. 2107 1. 0002 —. 0010 . 9999 . 0002
4.0 4. 4107 1. 0001 —. 0005 1. 0000 . 0001
4.2 4. 6107 1. 0000 —. 0002 1. 0000 . 0000
4.4 4. 8107 1. 0000 —. 0001 1. 0000 . 0000
4.6 5.0107 1. 0000 . 0000 1. 0000 . 0000
4.8 5. 2107 1. 0000 . 0000 1. 0000 . 0000
5.0 5. 4107 1. 0000 . 0000 1. 0000 . 0000
5.2 5. 6107 1. 0000 . 0000 1. 0000 . 0600
5.4 5. 8107 1. 0000 . 0000 1. 0000 . 0000
5.6 6. 0107 1. 0000 . 0000 1. 0000 . 0000
5 8 6. 2107 1. 0000 . 0000 1. 0000 . 0000
6.0 | 6.4106 1. 0000 . 0000 1. 0000 . 0000
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TABLE

I—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL

REPORT 1379—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

NUMBER OF 1

L S5 Y —ig
to ’ [ND lO 5 tNo

n i f/ fll 0 8’ 7 77 f/ fll 0 0
0 0. 0000 0. 0000 1. 6641 0. 0000 0. 6109 0 0. 0000 0. 0000 1. 9924 0. 0000 . 6397

2 . 0309 . 2975 1. 3149 . 1221 . 6096 =2 . 0367 . 3514 1. 5280 . 1278 . 6381

.4 . 1146 . 5282 . 9987 . 2434 . 6012 .4 . 1347 . 6144 1k bl . 2546 . 6278

<6 . 2383 . 6999 . 7266 . 3618 . 5807 50) L2774 . 8004 . 7600 . 3780 . 6028

8 . 3912 . 8221 . 5035 . 4747 . 5455 .8 . 4507 . 9232 . 4798 . 4946 , 5607
1.0 . 5645 . 9045 . 3294 . 5990 . 4959 150 . 6434 . 9970 2701, . 6012 . 5027
1.2 . 7511 . 9568 . 2005 . 6723 . 4349 1.2 . 8472 1. 0354 . 1241 . 6949 . 4332
1. 4 . 9458 . 9873 . 1105 . 7525 . 3671 1.4 1..0560 1. 0502 . 0313 L7741 . 3582
1. 6 1. 1450 1. 0031 . 0519 . 8190 . 2978 1.6 1. 2663 1. 0506 —. 0206 . 8382 . 2839
1.8 1. 3464 1. 0096 . 0169 . 8719 . 2322 1.8 1. 4758 1. 0438 —. 0437 . 8880 . 2158
2.0 1. 5485 1. 0109 —. 0016 . 9123 . 1738 2.0 1. 6836 1. 0343 —. 0486 . 9252 . 1574
2.2 1. 7506 1. 0097 —. 0095 . 9420 . 1250 2.2 1. 8896 1. 2498 —. 0438 . 95617 . 1101
2.4 1. 9523 1. 0075 —. 0113 . 9630 . 0863 2.4 2. 0937 1,0171 —. 0349 . 9699 . 0739
2.6 2. 1536 1. 0053 —. 0101 . 9772 . 0572 2.6 2. 2965 1. 0111 —. 0254 . 9819 . 0747
2.8 2. 3545 1. 0035 —. 0078 . 9864 . 0365 2.8 2. 4983 1. 0068 —. 0173 . 9895 . 0295
3.0 2. 5551 1. 0022 —. 0055 . 9922 . 0223 3.0 2. 6994 1. 0040 —..011% . 9942 . 0176
3.2 2. 7554 1. 0013 —. 0036 . 9957 . 0131 3.2 2. 9000 1. 0022 —. 0067 . 9969 . 0100
3.4 2. 9556 1. 0007 —. 0022 . 9977 . 0074 3.4 3. 1003 1. 0012 —. 0039 . 9984 . 0055
3.6 3. 1557 1. 0004 —. 0013 . 9988 . 0040 3.6 3. 3005 1. 0006 —. 0021 . 9992 . 0029
3.8 3. 3558 1. 0002 —. 0007 . 9994 . 0021 3.8 3. 5006 1. 0003 —. 0011 . 9996 . 0015
4.0 3. 5556 1. 0001 —. 0003 . 9997 . 0011 4.0 3. 7006 1. 0002 —. 0006 . 9998 . 0007
4.2 3. 7558 1. 0000 —. 0002 . 9999 . 0005 4.2 3. 9006 1. 0001 —. 0002 29999 . 0003
4.4 3. 9558 1. 0000 —. 0001 . 9999 . 0002 4.4 4. 1007 1. 0000 —. 0001 1. 0000 . 0001
4.6 4. 1558 1. 0000 . 0000 1. 0000 . 0001 4.6 4. 3007 1. 0000 . 0000 1. 0000 . 0001
4.8 4. 3558 1. 0000 . 0000 1. 0000 . 0000 4.8 4. 5007 1. 0000 . 0000 1. 0000 . 0000
5.0 4. 5558 1. 0000 . 0000 1. 0000 . 0000 5.0 4. 7007 1. 0000 . 0000 1. 0000 . 0000
5.2 4. 7558 1. 0000 . 0000 1. 0000 . 0000 5.2 4. 9007 1. 0000 . 0000 1. 0000 . 0000
5. 4 4. 9558 1. 0000 . 0000 1. 0000 . 0000 5. 4 5. 1007 1. 0000 . 0000 1. 0000 . 0000
5.6 5. 1558 1. 0000 . 0000 1. 0000 . 0000 5.6 5. 3007 1. 0000 . 0000 1. 0000 . 0000
5.8 5. 3558 1. 0000 . 0000 1. 0000 - 0000 5.8 5. 5007 1. 0000 . 0000 1. 0000 . 0000
6.0 5. 5558 1. 0000 . 0000 1. 0000 . 0000 6.0 5. 7007 1. 0000 . 0000 1. 0000 . 0000
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TABLE I-—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL
NUMBER OF 1
bo_y g o to_ 15, B
=1.5; tNo_z.z L=15; t~0_3'0

m / ¥ A 0 o " £ 4 5 0 o
0 0. 0000 0. 0000 2. 4534 0. 0000 0. 6761 0 0. 0000 0. 0000 3. 0259 0. 0000 . 7163

.2 . 0448 . 4261 1. 8168 . 1351 . 6740 5 . 0547 . 5173 2. 1607 . 1431 . 7136

.4 . 1624 . 7316 1. 2532 . 2688 . 6609 o4 . 1961 . 8716 1. 4056 . 2845 . 6968

54 . 3306 . 9339 . 7880 . 3982 . 6295 . 6 . 3943 1. 0893 . 1977 . 4203 . 6573

.8 . 5306 1. 0539 . 4301 . 5193 . 5778 .8 . 6249 1. 2012 . 3482 . 5458 . 5939
1.0 . 7481 1. 1129 . 1762 . 6281 . 5085 150 . 8699 113 2385 . 0481 . 6566 . 5115
1.2 . 9730 1. 1304 . 0134 . 7219 . 4282 1.2 1. 1172 1. 2289 —. 1253 . 7497 . 4193
1.4 1.1187 1. 1230 —. 0766 . 7992 . 3446 1.4 1. 3598 1.1947 —. 2028 . 8243 . 3273
1.6 1. 4214 1.1033 — L . 8600 . 2651 1.6 1. 5946 1. 1520 —. 2159 . 8812 . 2435
1.8 1. 6397 1. 0797 =D . 9059 . 1952 1.8 1. 8208 151104 —. 1924 . 9226 . 1731
2.0 1. 8534 1. 0575 —. 1024 . 9389 . 1377 2.0 2. 0393 1. 0760 —. 1534 . 9514 . 1176
2.2 2. 0630 1. 0392 —. 0805 . 9618 . 0931 2.2 2. 2517 1. 0414 — b . 9706 . 0769
2.4 2. 2694 1. 0253 | —. 0584 . 9770 . 0603 2.4 2. 4596 1.0306 | —.0770 . 9829 . 0478
2. 6 2. 4734 1. 0156 —. 0397 . 9866 . 0376 2. 6 2. 6644 1. 0181 —. 0496 . 9904 . 0287
2.8 2. 6759 1. 0092 —. 0254 . 9925 . 0225 2.8 2. 8671 1. 0102 —. 0303 . 9948 . 0165
3.0 2. 8773 1. 0051 —. 01564 . 9959 . 0129 3.0 3. 0687 1. 0055 — 0176 . 9973 . 0091
3.2 3. 0780 1. 0028 =210089 : 9979 . 0071 3.2 3. 2695 1. 0029 —2.0097 . 9986 . 0048
3.4 3. 2784 1. 0014 —. 0049 . 9989 . 0038 ShG 3. 4699 1. 0014 —. 0051 . 9993 . 0025
3.6 3. 4786 1. 0007 | —. 0026 . 9995 . 0019 3.6 3. 6701 1. 0007 —. 0026 99917 . 0012
3.8 3. 6787 -| 1.0003 —. 0013 . 9998 . 0009 3.8 3. 8702 1. 0003 —. 0012 . 9999 . 0006
4.0 3. 8788 1. 0001 —. 0006 . 9999 . 0004 4.0 4. 0703 1. 0001 —. 0006 . 9999 . 0003
4.2 4. 0788 1. 0001 —. 0002 1. 0000 . 0002 4.2 4. 2703 1. 0001 —. 0002 1. 0000 . 0001
4.4 4. 2788 1. 0000 —. 0001 1. 0000 . 0001 4.4 4. 4703 1. 0001 —. 0001 1. 0000 . 0000
4.6 4. 4788 1. 0000 —. 0001 1. 0000 . 0000 4.6 4. 6703 1. 0000 . 0000 1. 0000 . 0000
4.8 4. 6788 1. 0000 . 0000 1. 0000 . 0000 4.8 4. 8703 1. 0000 . 0000 1. 0000 . 0000
5.0 4. 8788 1. 0000 . 0000 1. 0000 .. 0000 5.0 5. 0703 1. 0000 . 0000 1. 0000 . 0000
5.2 5. 0788 1. 0000 . 0000 1. 0000 . 0000 5.2 5.2703 1. 0000 . 0000 1. 0000 . 0000
5. 4 5.2788 1. 0000 . 0000 1. 0000 . 0000 0. 4 5. 4703 1. 0000 . 0000 1. 0000 . 0000
5.6 5. 4788 1. 0000 . 0000 1. 0000 . 0000 5.6 5. 6703 1. 0000 . 0000 1. 0000 . 0000
5.8 5. 6788 1. 0000 . 0000 1. 0000 . 0000 5.8 5. 8703 1. 0000 . 0000 1. 0000 . 0000
6.0 5. 8788 1. 0000 . 0000 1. 0000 . 0000 6.0 6. 0704 1. 0000 . 0000 1. 0000 . 0000
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TABLE I.—Continued. STAGNATION-LINE FLOW SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL
NUMBER OF 1

tw to U t
e_9.0; 210 _9.0; X=2.
lo & tng by 2 tng 0
7 i Jjt i J o 7 i i fi o 6
0 0. 0000 0. 0000 1. 7638 0. 0000 0. 6154 0 0. 0000 0. 0000 2. 7262 . 0000 . 6931
.2 . 0321 . 3084 1. 3526 . 1230 . 6140 P . 0493 . 4676 1. 9638 . 1385 . 6908
.4 . 1185 . 5439 1. 0114 . 2451 . 6053 .4 . 1775 . 7925 1. 3058 . 2755 . 6760
56 . 2455 . 7165 . 7232 . 3643 . 5840 .6 . 3584 . 9986 L TTT . 4076 . 6412
a8 . 4016 . 8370 . 4915 L4777 . 5476 =8 . 5708 1. 1127 . 3846 . 5305 . 5845
150) . 5776 . 9167 . 3142 . 5824 . 4967 1.0 . 7991 1. 1609 . 1168 . 6401 . 5098
1.2 . 7663 . 9659 . 1857 . 6757 . 4343 1.2 1. 0323 1. 1665 —. 0453 . 7337 . 4245
1. 4 . 9625 . 9936 . 0979 . 7556 . 3654 1. 4 1. 2641 1. 1481 —. 1265 . 8098 . 3373
1.6 1. 1628 1. 0073 . 0422 . 8217 . 2954 1.6 1. 4909 1. 1196 —. 1520 . 8690 . 2561
1.8 1. 3648 1. 0122 . 0101 . 8741 . 2294 15 £l 1. 7118 1. 0896 —. 1439 . 9130 . 1859
2.0 1. 5673 1. 0123 —. 0061 . 9140 5 1lpalat 2.0 1. 9270 1. 0631 —. 1196 . 9443 . 1292
2.2 1. 7696 1. 0104 —. 0123 . 9432 . 1226 2.2 2. 1374 1. 0420 —. 0906 . 9656 . 0860
2.4 1. 9714 1. 0078 —. 0130 . 9637 . 0843 2.4 2. 3442 1. 0267 —. 0639 . 9795 . 0549
2.6 2. 1728 1. 0053 —. 0111 . 9776 . 0557 2.6 2. 5483 1. 0161 —. 0423 . 9882 . 0337
2.8 2. 3736 1. 0034 —. 0085 . 9866 . 0354 2.8 2. 7509 1. 0093 —. 0265 . 9934 . 0198
3.0 2. 5741 1. 0020 —. 0059 . 9922 . 0216 3.0 2. 9523 1. 0052 —. 0158 . 9965 . 0112
3.2 2. 7744 1. 0010 —. 0040 . 9955 . 0126 3.2 3. 1631 1. 0028 —. 0090 . 9982 . 0061
3.4 2. 9746 1. 0003 —. 0026 . 9974 . 0071 3.4 3. 3535 1. 0014 —. 0049 . 9991 . 0032
3.6 3. 1746 . 9999 —. 0016 . 9985 . 0038 3.6 3. 5537 1. 0007 —. 0025 . 9995 . 0016
3.8 3. 7538 1. 0003 —. 0013 . 9997 . 0008
4.0 3. 9538 1. 0002 —. 0007 . 9998 . 0003
4.2 4. 1539 1. 0001 —. 0004 . 9999 . 0000

TABLE I.—Concluded. STAGNATION-LINE FLOW SOLUTIONS
FOR YAWED INFINITE CYLINDER WITH PRANDTL

NUMBER OF 1

(%) to
_90; =6
7=2.0; ;=60
n if i 3" 0 o’

0 0.0000 | 0.0000 | 59032 | 0.0000 . 8666
.2 - 1025 . 9500 | 3.6549 - 1730 - 8605
-4 .3527 | 1.4913 | 1.8409 - 3421 . 8236
.6 .6783 | 1.7214 . 5479 . 4995 . 7435
.8 | 1.0274 | 1.7438 | —. 2461 - 6370 . 6270

1.0 | 1.3681 | 1.6502 | —. 6321 . 7492 . 4933

1.2 | 16845 | 1.5100 | —.7325 . 8346 . 3633

L4 | 1.9721 | 1.3682 | —. 6667 . 8957 . 2519

1.6 | 22332 | 1.2480 | —. 5290 . 9370 . 1653

1.8 | 24732 | 1.1572 | —. 3809 . 9635 . 1032

2.0 | 26980 | 1.0943 | —.2537 . 9797 . 0615

2.2 | 29124 | 1.0536 | —. 1583 - 9891 . 0351

2.4 | 3.1205 | 1.0289 | —. 0931 | ..9944 - 0192

2.6 | 3.3247 | 1.0148 | —.0519 - 9973 - 0101

2.8 | 3.5268 | 1.0071 | —.0275 - 9987 - 0050

3.0 | 3.7278 | 1.0031 | —. 0140 . 9995 . 0023

3.2 | 3.9282 | 1.0011 | —.0071 . 9998 - 0007




COMPRESSIBLE LAMINAR BOUNDARY LAYER OVER A YAWED INFINITE CYLINDER

43

TABLE II.—STAGNATION-LINE SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL NUMBER OF 0.7

tw l tw tO
—=0;—=1.0 —=0; —=1.6
T ixg o Ing
|
U 7 it i g 9 0 o’ Wi ik i g g9 i

0 0. 0000| 0. 0000| 0. 6071| 0. 0000, 0.4970| 0. 0000, 0. 4362 0 | 0.0000 0.0000/ 0.6870| 0.0000| 0.5129| 0. 0000 0.4226

.2| L0121 .1209| .5989| .0994| .4966/ .0872 .4360 .2 .0137| .1365| .6744| .1025| .5124| .0857| .4342

.40 . 0481 .2386| .5762| .1985 .4938| .1743 .4343 .4| .0543| .2683] .6403| .2048| .5091| .1735| .4438

. 6| .1072| .3506| .5418 .2966| .4864| .2608 .4297 . 6] . 1205 .3916/ .5901| .3058 .5005| .2630 .4495

.8 .1878| .4547| .4987| .3926| .4724| .3459| .4210 .8 .2102| .5036| .5290| .4045 .4844| .3529 .4488
1. 0] .2884( .4596| .4496| .4850 .4506| .4288| .4073 1.0 .3211| .6028| .4620| .4990 .4595 4419| . 4399
1.2| .4070, .6343| .3970| .5723| .4204| .5085 . 3880 1.2| .4504| .6883| .3933| .5877| .4255 .5282| .4214
1.4| .5415| .7084| .3433| .6527| .3825 .5837 .3632 1.4 .5955| .7602 .3265 .6687 .3834 .6098 .3930
1. 6| .6897( .7717| .2905| .7249| .3382| .6534| .3332 1. 6| .7536[ .8192| .2645| .7406/ .3350| .6849| .3559
1. 8| .8495 .8247 .2405| .7877| .2900| .7167 .2992 1. 8| .9224| .8665 .2091 .8025 .2834] .7518] .3121
2.0 1.0189| .8682 .1946| .8408 .2407| .7729| .2626 2.0| 1. 0995/ .9034| .1613| .8540 .2315| .8095 .2647
2.2 1.1962| .9029 .1538| .8841f .1929| .8217| .2249 2. 2| 1.2832| .9315 .1215| .8953| .1825| .8576| .2170
2.4 1.3796| .9301| .1186| .9182| .1491| .8629| . 1878 2. 4| 1.4717| .9525| .0894| .9273| .1385 .8964| .1718
2. 6| 1.5678 .9507| .0892| .9441| .1110| .8969 .1528 2.6/ 1. 6638 .9677| .0642| .9511| .1013| .9267| .13156
2. 8| 1.7595| .9661| .0654| .9631 .0796| .9242| . 1210 2. 8| 1.8585| .9786| .0450( .9683| .0712| .9494| .0973
3.0 1.9539| .9772| .0467| .9764| .0549| .9456| .0933 3.0| 2.0550/ .9861 .0308| .9801 .0481| .9660 .0698
3.2( 2.1502| .9851 .0324| .9854| .0364| .9619| .0700 3.2| 2.2527| .9911 .0206| .9879| .0313| .9778 .0485
3. 4| 2.3478| .9905 .0219| .9913| .0232| .9739| .0511 3. 4| 2.4513| .9945| .0134| .9930| .0196, .9858/ .0327
3. 6| 2. 5463 .9940| .0144| .9950, .0143| .9826 .0363 3. 6| 2.6505 .9967| .0085 .9960, .0117 .9911| .0214
3. 8| 2.7453| .9964| .0092| .9972| .0084| .9887 . 0251 3.8 2.8499, .9980| .0053| .9978 .0068| .9946/ .0137
4.0) 2.9448) .9979) .0058| .9985 .0048| .9928 .0168 4.0 3.0496) .9989) .0032] .9989 .0038 .9968 .0085
4.2| 3.1444| .9988 .0035 .9992| .0026| .9955 .0110 4.2| 3.2495 .9994 .0019| .9994/ .0020| .9981 .0052
4. 4| 3.3443| .9993| .0021| .9996/ .0014| .9973| .0070 4. 4| 3.4494| .9996/ .0011| .9997 .0010] .9989 .0031
4.6/ 3.5441| .9996| .0012| .9998 .0007 .9984 .0043 4. 6| 3.6493| .9998/ .0006, .9999| .0005 .9994 .0018
4. 8| 3.7441) .9998 .0007| .9999 .0003| .9991 .0026 4.8 3.8493| .9999 .0003| .9999| .0002{ .9997 .0010
5.0 3.9441 .9999| .0004| 1.0000/ .0001 .9995 .0015 5.0 4.0493/ .9999| .0002| 1.0000| .0001| .9998 .0006
5.2| 4.1440( .9999| .0002| 1.0000/ .0001{ .9997 . 0009 5. 2| 4.2493( 1.0000{ .0001| 1.0000/ .0000{ .9999| .0003
5.4| 4. 3440, 1. 0000/ .0001| 1.0000| .0000[ .9999| .0005 5. 4| 4.4493| 1. 0000/ .0000| 1. 0000/ .0000| 1.0000/ .0002
5. 6| 4. 5440/ 1. 0000| .0000| 1.0000| .0000 .9999| .0003 5.6/ 4. 6493 1. 0000 .0000| 1. 0000, .0000| 1.0000| . 0001
5. 8| 4. 7440/ 1.0000| .0000( 1.0000| .0000f 1.0000| .0001 5. 8| 4. 8493 1. 0000/ .0000| 1. 0000/ .0000| 1.0000{ .0000
6. 0| 4.9440( 1. 0000, . 0000, 1.0000/ .0000 1.0000| .0001 6. 0| 5.0493| 1. 0000{ .0000| 1.0000{ .0000| 1.0000/ .0000
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TABLE II.—Continued. STAGNATION-LINE SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL NUMBER OF 0.7

bo__q. to _ tu_o. b
2=0; 2 =30 2=0; ;2 =65
7 if i e g g9 6 o’ n i i ol g 9 ] o’
0 | 0.0000| 0.0000/ 0.8617/ 0.0000| 0.5444| 0.0000| 0. 4262 0 | 0.0000 0.0000| 1.2526 0.0000| 0.6041| 0.0000 0.4582
.2 .0172| .1707| .8382| .1088| .5438| .0876 .4495 .2 .0249) 2468/ 1.1988 .1208| .6031| .0953 .4946
.4 .0677| .3327| .7761| .2173| .5395 .1796| .4702 .4 .0974] .4739| 1.0608 2408 .5962| .1975 .5264
16| .1492| .4794| 6876 .3242| .5282| .2753| . 4847 -6 .2122| .6678| .8723| .3585| .5784| .3052| .5473
.8 .2582] .6068| .5844| .4279| .5073| .3728 . 4892 .8 .36190| .8215| .6642| .4713| .5464 .4153 .5509
1.0| .3005| .7129| .4768| .5264| .4756] .4701) .4806 1.0| .5381| .9339| .4625/ .5761| .4996| .5240 .5322
1.2 .5419 .7978| .3733| .8174| .4334| .5641| .4570 1.2| .7329| 1.0082| .2864| .6702| .4401| .6266| .4903
1.4) (7083 .8629| .2803| .6992| .3825 .6519| .4186 1.4 .9393| 1.0508| .1467| .7516| .3724| .7188| .4289
1.6/ .8860 .9108| .2015| .7701| .3262| .7307| .3683 1. 6| 1.1517| 1. 0695 . 0468 8190| .3021| .7974| .3552
1.8 1.0717| .9445| .1385| .8295| .2682| .7987 .3104 1.8| 1.3661| 1.0720—. 0164 .8726| .2349| .8607| .2780
2.0 1.2630] .9672 .0907 .8775 .2124| .8547 .2503 2.0| 1.5799| 1.0649 —. 0497 9135 .1749 .9089 .2056
2.2 1.4581| .9817 .0565 .9148 .1618| .8990 .1929 2.2| 1.7918| 1.0535 —. 0615 .9433| .1249| .9436 .1434
2.4 1.6554) .9905 .0332 .9427| .1185 .9323 .1422 2.4 20012 1.0412—. 0599 .9641| .0855 .9671 .0943
2.6 1.8540| . 9956 .0183| .9628 .0835| .9564| .1001 2.6/ 2. 2083 1. 0300 —. 0513 .9781| .0561 .9822 .0583
2.8 2.0534 .9982 .0093 .9767| .0565 .9730 .0674 2.8 2.4133) 1. 0208 —. 0403 .9871| .0353| .9912 .0336
3.0 2.2532| .9995 .0042) .9859| .0367 .9840| .0434 3.0 2. 6168 1.0138 —. 0296 .9927| .0214| .9962| .0179
3.2 2.4532) 1.0001) .0015 .9917| .0229 .9909 .0267 3.2| 2.8190| 1.0088 —. 0206/ .9960| .0124 .9988| .0085
3. 4| 2. 6533| 1.0002| .0003| .9953| ..0138| .9950| .O0157 3. 4| 3.0204| 1. 0054|—. 0136 .9979| .0069| .9999| .0035
3.6 2. 8533 1.0003|—. 0002 .9975 .0079 .9974 .0088 3.6| 3.2212| 1.0032—. 0087 .9989 0037 1.0003 .0009
3.8| 3.0534| 1.0002(—. 0003 .9987| .0044| .9987 .0047 3.8 3.4217| 1.0019|—. 0053 .9995 0019 1.0004/—. 0001
4.0 3.2534/ 1. 0001 —. 0003 .9993 .0023 .9994| .0024 4.0 3.6220) 1.0010|—. 0031| .9997| .0009 1.0003/—. 0004
4.2| 3. 4534 1.0001|—. 0002 .9997 .0012| .9997 .0011 4.2| 3.8222| 1.0006/—. 0018 .9999| 0004 1.0002 —. 0004
4. 4| 3.6534 1.0000]—. 0001 9998 0006 .9999| .0005 4.4 40223 1.0003|—. 0010, .9999 .0002| 1.0001—. 0003
4.6 3.8534| 1.0000/—. 0001| .9999|. .0003| 1.0000 0002 4.6 4. 2223 1.0001—. 0005 1.0000| .0001| 1.0001/—. 0002
4.8| 4.0534 1.0000] .0000/ 1.0000 .0001| 1.0000 .0001 4.8 4. 4223 1.0001—. 0003| 1.0000| .0000 1.0000 —. 0001
5.0 4.2534 1.0000] 0000, 1.0000 .000i| 1.0000| .0000 5.0/ 4.6223 1.0000]—. 0001| 1.0000| .0000| 1.0000|—. 0001
5.2| 4.4534| 1.0000] .0000| 1.0000 0000/ 1.0000| .0000 5.2| 4.8223 1.0000—. 0001/ 1.0000| .0000| 1.0000| . 0000
5.4 4.6534| 1.0000] . 0000/ 1.0000 .0000| 1.0000 .0000 5.4 5.0223 1.0000| .0000/ 1.0000| .0000| 1.0000 . 0000
5. 6| 4. 8534 1.0000] .0000| 1.0000 .0000| 1.0000 .0000 | 5.6| 5.2224| 1.0000] 0000 1.0000 .0000| 1.0000| .0000
5. 8| 5.0534| 10000/ 0000 1.0000| - 0000/ 1.0000| - 0000 5.8 5.4224 1.0000 0000, 1.0000{ .0000| 1.0000 .0000
6.0| 5.2534| 1.0000 . 0000 1.0000 .0000| 1.0000 .0000 6.0| 5.6224/ 1.0000] 0000, 1.0000 .0000| 1.0000 .0000
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TABLE II.—Continued. STAGNATION-LINE SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL NUMBER OF 0.7

Lo L lo lw [
2_05; ~=1, 0.5, 2=1.6
% B 1.0 o 0:5; s 5
n f f/ f” g g/ 9 0’ f f’ f// g {/, 0 0’

0 | 0.0000| 0.0000/ 0.9362| 0.0000| 0.5382| 0.0000| 0. 4696 0 | 0.0000| 0.0000| 1.1824| 0.0000| 0. 5692| 0. 600C| 0. 4386
.2| .0180( .1770| .8326| .1076; .5375 .0939| .4692 .2| .0226| .2201| 1.0175| .1138| .5683| .0906| .4672
.4/ .0694| .3328 .7258 .2148| .5331| .1875 .4665 .4/ .0858| .4068 .8502| .2270| .5625 .1866| .4922
.6 .1498| .4674| .6207 .3204| .5218 .2802| .4596 .6/ .1831| .5606 .6898 .3382| .5479 .2869| .5088
.8 .2550| .5815|. .5210| .4229| .5013| .3710| .4468 .8 .3080| .6836| .5429| .4454| .5218 .3893| .5125

1.0[ .3811| .6763| .4293| .5202| .4705| .4585 .4275 1.0 .4547| .7790| .4140( .5461| .4837| .4908| .4999

1. 2| .5244| .7538| .3472| .6104| .4299| .5415 .4013 1.2| .6181| .8506| .3053| .6381| .4346| .5881| .4694

1.4| .6816| .8159| .2756/ .6916 .3812| .6186 .3689 1.4 .7937] .9025| .2173| .7194| .3774| .6775| .4228

1.6/ .8499| .8648| .2146| .7625| .3271| .6887| .3314 1.6/ .9780| .9388] .1490| .7888 .3162| .7564| .3641

1. 8| 1. 0268 .9025| .1639| .8223| .2712| .7510| .2906 1.8/ 1.1684| .9632| .0981| .8459| .2551| .8227| .2993

2.0| 1.2102| .9310( .1226| .8711| .2168 .8049| .2485 2.0| 1.3628 .9790| .0618 .8911| .1981| .8761| .2345

2.2| 1.3987| .9521| .0899| .9094| .1670| .8504| .2071 2.2| 1. 5596/ .9887| .0371| .9256| .1479 .9169| .1750

2. 4| 1. 5907| .9674| .0645 .9384| .1239| .8879| .1680 2. 4| 1. 7580| .9944| .0210/ .9509| .1061| .9467| .1244

2.6/ 1.7853| .9783] .0452) .9595/ .0884| .9179| .1326 2.6 1.9572) .9975] .0111} .9686| .0732) .9673] .0841

2. 8| 1.9818| .9858 .0310, .9742| .0607| .9412| .1019 2. 8| 2.1569| .9991| .0054| .9807| .0485 .9810| .0540

3.0| 2.1795/ .9909| .0208| .9842| .0400 .9589| .0761 3. 0] 2.3568) .9999| .0023| .9885| .0309 .9895 .0329

3.2| 2.3780| .9943 .0136/ .9906/ .0254| .9720/ .0553 3.2| 2.5568| 1.0001| .0007| .9934| .0189 .9946/ .0189

3.4| 2.5772| .9965 .0087| .9946| .O0155/ .9814 .0391 3. 4| 2.7569| 1. 0002/ .0000( .9964| .0111| .9975/ .0102

3. 6| 2.7766| .9979| .0054| .9970( .0091| .9879 .0269 3.6/ 2. 9569| 1. 0002|—. 0002| .9981| .0063| .9989| .0051

3.8| 2.9763| .9988 .0033| .9984| .0051 .9924| .0180 3. 8| 3.1569| 1. 0002|—. 0002 .9990| .0034| .9996 .0023

4.0] 3.1761| .9993| .0020 .9992| .0028 .9953| .0117 4.0| 3.3570| 1. 0001|—. 0002| .9995| .0018| .9999| . 0009

4.2( 3.3760| .9996/ .0011| .9996/ .0014| .9972| .0074 4. 2| 3.5570| 1. 0001(—. 0001| . 9998/ .0009| 1. 0000| . 0002

4.4 3.5760] .9998 .0006 .9998 .0007| .9983| .0045 4. 4| 3. 7570( 1. 0001|—. 0001| .9999| .0004| 1.0001| .0000

4.6 3.7759 .9999| .0003f .9999| .0003| .9991| .0027 4. 6| 3.9570| 1.0001| .0000/ .9999| .0002 1.0001|—. 0001

4.8 3.9759| .9999| .0002| 1.0000| .0002| .9995 .0016 4. 8| 4.1570| 1. 0001 .0000| 1.0000| .0001 1.0000{—. 0001

5.0[ 4. 1759| 1. 0000{ . 0001/ 1.0000/ .0001| .9997| .0009 5. 0| 4.3570| 1.0001| . 0000/ 1.0000{ .0000| 1.0000(—. 0001

5.2| 4.3759| 1.0000{ .0000/ 1.0000{ .0000| .9999/ .0005 5.2| 4. 5571| 1. 0001| .0000| 1. 0000/ .0000| 1. 0000, .0000

5.4| 4. 5759| 1.0000{ . 0000, 1.0000{ .0000{ .9999| .0003 5.4| 4. 7571} 1.0001} .0000| 1.0000{ .0000| 1.0000{ .0000

5. 6( 4. 7759 1. 0000/ . 0000/ 1. 0000/ .0000| 1.0000, .0001 5. 6| 4.9571| 1.0001| .0000| 1.0000{ .0000| 1.0000{ . 0000

5. 8 4. 9759| 1. 0000, .0000| 1. 0000/ .0000| 1.0000| .0001 5. 8| 5.1571| 1.0001| .0000| 1. 0000/ .0000| 1.0000| .0000

6.0 5.1759| 1. 0000 . 0000, 1.0000( .0000| 1. 0000/ .0000 6.0/ 5.3571| 1. 0001 .0000/ 1.0000/ .0000| 1.0000( . 0000
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tw t() tw 10
tu_g5; Lo.30 Laps. Doy
BN i an i
7, f f/ f/l g gl 0 0/ f fl f’/ g gl 0 0[

0 0. 0000/ 0. 0000| 1. 7009 0. 0000, 0. 6252 0.0000| 0. 4350 0 0. 0000 0.0000| 2. 8164| 0. 0000| 0. 7200/ 0. 0000| 0. 4717
.2| .0320| .3096| 1.3928 .1250, .6238 .0932| .4966 .2| .0520( .4970| 2.1505| .1439( .7175] .1048 .5752
14 11197 (5572 1.0861 .2490| .6150, .1982 . 5515 "4 1000 8615 1.5030 2860 .7012 .2291 6630
o (0 2509 .7455| .8016| .3701| .5930! .3127| .5898 .6 .3884| 1.1032| .9307| .4228| .6623| .3679| .7167
.8 4144| .8803| .5537| .4851| .5550| .4324 .6020 .8 .6244| 1.2410| .4683| .5493| .5988 .5121| .7155

1.0/ .6001 .9699/ .3505 .5901 .501 7‘ . 5513 . 5817 1.0/ .8796] 1.2987| .1294/ .6610! .5153 .6501/ .6550

1.2| .8000| 1.0236| .1946| .6850| .4362 .6629| .5291 1. 2| 1. 1403| 1. 3006|—. 0904| . 7547 .4210( .7709| .5468

1. 4| 1. 0078| 1. 0507 .0836| .7651| .3641 .7612| .4509 1.4| 1.3977| 1. 2691|—. 2091| .8294| .3266| .8672| .4140

1. 6| 1.2191| 1. 0597| .0117| .8306| .2914| .8423| . 3587 i. 6| 1. 6469| 1.2220|—. 2519 .8859| .2409| .9366| .2820

1. 8| 1.4309| 1. 0575/ —. 0292 .8820| .2236| .9046| .2653 1. 8| 1.8863| 1.1716/—. 2449| .9267| .1692| .9813| .1695

2.0/ 1.6417| 1.0495/—. 0475 .9206| .1644| .9490( .1811 2.0 2.1159| 1. 1257|—. 2110 .9546| .1134| 1.0063| . 0855

2.2| 1. 8506| 1. 0394|—.0511| .9484| .1160, .9781| .1126 2.2| 2.3371| 1.0878/—. 1671| .9730| .0726| 1.0174| .0302

2. 4| 2. 0575| 1. 0295/—. 0465| .9677| .0785 .9953 .0620 2. 4| 2. 5516| 1.0588|—. 1239| . 9845 .0446| 1.0199|—. 0013

2. 6| 2.2625| 1.0210/—.0381| .9805 .0509| 1.0040 .0281 2.6| 2.7612| 1. 0378 —. 0869| _ . 9914| .0262| 1. 0180|—. 0158

2. 8| 2.4660| 1.0143/—. 0290| .9886 .0318| 1.0074| .0077 2. 8| 2.9672| 1.0235/—. 0581| .9954| .0148| 1.0143 —. 0198

3.0/ 2. 6684| 1. 0094|—. 0208 .9936| .0190| 1.0077(—. 0029 3.0/ 3.1709| 1. 0141|—. 0372 .9977| .0080| 1. 0104|—. 0183

3.2 2.8699| 10050 — 0142 . 9965 . 0109 1. 0066 —. 0072 52| 3 3731| 10082 — 0220 0088 .0042| 10071 —. 0146

3.4/ 3.0708| 1. 0036|—. 0092| . 9982/ .0060| 1.0051—. 0078 3. 4| 3.5743| 1. 0046|—. 0136/ .9994| .0021| 1.0046/—. 0106

3.6/ 3.2714| 1.0021|—. 0058 .9991| .0032| 1.0036 —. 0068 3.6/ 3.7750| 1. 0025/ —. 0078 .9997| .0010 1. 0028 —. 0072

3.8/ 3.4717| 1.0012|—. 0035/ . 9996/ .0016| 1.0024/—. 0052 3. 8| 3.9754| 1. 0013|—. 0043| .9999| . 0005/ 1.0017|—. 0046

4.0 3.6719| 1. 0007/ —. 0020| .9998 .0008| 1.0015/ —. 0037 | 4. 0| 4.1756| 1.0007(—. 0023 .9999| .0002 1.0009(—. 0028

4. 2| 3.8720| 1. 0004|—. 0011| .9999| .0004| 1.0009/—. 0024 | 4. 2| 4.3757| 1.0004/—. 0012 1.0000{ .0001| 1. 0005 —. 0016

4. 4| 4.0720] 1. 0002|—. 0006 i.0000 .0002| 1.0005 —. 0015 | 4. 4| 4. 5757| 1. 0002|—. 0006, 1. 0000/ .0000| 1. 0003|—. 0009

4. 6| 4.2721| 1. 0001|—. 0003| 1. 0000, .0001| 1.0003|—. 0009 4. 6| 4. 7757| 1. 0001|—. 0003| 1. 0000/ .0000| 1.0001|—. 0005

4. 8| 4.4721| 1. 0001|—. 0002| 1. 0000{ .0000| 1.0002(—. 0005 4. 8| 4. 9758 1.0000—. 0001/ 1. 0000[ .0000| 1.0001|—. 0002

5.0/ 4. 6721| 1. 0000|—. 0001| 1. 0000/ .0000| 1.0001|—. 0003 5.0/ 5.1758| 1. 0000/—. 0001| 1. 0000/ . 0000| 1. 0000|—. 0001

52| 4 8721] 1,0000 . 0000 1.0000| . 0000 1.0000—. 0001 5.2| 5.3758 1.0000 0000 1.0000 .0000| 10000 —. 0001

5.4| 5.0721| 1. 0000/ .0000| 1. 0000/ .0000| 1.0000(—. 0001 5. 4| 5.5758| 1. 0000{ . 0000/ 1.0000( .0000/ 1.0000f .0000

5.6/ 5.2721| 1. 0000/ .0000| 1.0000| .0000 1.0000{ .0000 5.6/ 5. 7758 1.0000/ .0000| 1.0000 .0000| 1.0000| .0000

5. 8| 5.4721| 1. 0000{ . 0000/ 1. 0000/ .0000| 1.0000, . 0000 5. 8| 5.9758 1. 0000, .0000| 1.0000/ .0000| 1.0000, .0000

6.0/ 56721/ 10000 0000 1.0000) .0000| 1.0000/ 0000 6.0 6.1758 1.0000 . 0000 1.0000| .0000| 1.0000] .0000
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TABLE II.—Continued. STAGNATION-LINE SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL NUMBER OF 0.7

Insulated surface; fa 1.0, . Y 1.0, ¢,=0.8485 Insulated surface; M=0.9444; —t°—=1.6; {»w=0.8518
to tn, b in,
i I i g g’ J o' f il i g g o o'

0 | 0.0000| 0.0000f 1.2326 0.0000| 0.5705| 0. 0000 0. 0000 0 | 0.0000{ 0.0000| 1. 5724/ 0. 0000/ 0. 6067, 0. 0000 0. 0000
.2| .0233| .2266| 1.0344| .1140| .5696| .0258 .2571 .2| .0294| .2844| 1.2736| .1213| .6055 .0298 .2971
.40 . 0881| .4144) . 8463| .2275( .5636| .1022| .5046 .40 01099 .5107) .9930| .2418| .5976{ .1180 .5804
.6 .1867| .b5663| -.6752] .8389 .5486| . .2256 .7213 .6| . .2302( .6836| .7429 .3595 5780| .2591| .8200
.8 .3124| .6859| .5251| 4462 .5221| .3869| .8794 .8 .3803| .8103| .5305 .4720 .5440| .4406/ .9794

1.0 .4592( .7778| .3980| .5469| .4835| .5718| .9542 1.0| .5518 .8985| .3585| .5762 .4957| .6435| 1.0302

1.2| .6220( .8466{ .2938| .6388| .4340( .7621| .9333 1.2 .7377| .9563| .2259| .5695 .4358| .8448| .9646

1.4| .7967| .8968| .2110[ .7200| .3767 .9390| .8218 1.4| .9328/ .9913| .1292[ . 7500 3688| 1. 0227/ .7997

1.6| .9798| .9323| .1474| .7892| .3154| 1.0863| .6424 1.6/ 1.1331| 1.0100| .0630| .8169| .3000| 1.1606] .5728

1.8 1.1689| .9568/ .1000/ .8462| .2545 1.1937| .4290 1. 8| 1.3361| 1. 0181| .0211| .8702| .2344| 1.2506f . 3290

2.0 1.3260| .9732| .0659| .8913| .1976| 1.2580[ .2172 2. 0| 1. 5400 1. 0197|—. 0027 . 9111 1758 1. 2938 . 1089

2. 2| 1. 5578| .9838| .0421| .9257| .1475| 1.2826| . 0359 2.2| 1.7438| 1. 0178|—. 0142| . 9412 1266| 1.2975|—. 0612

2. 4| 1. 7553| .9905 .0260f .9509 .1059| 1.2755/—. 0975 2. 4| 1. 9470 1. 0145|—. 0178| .9624| .0875| 1.2733|—. 1709

2.6/ 1.9538| .9946| .0156| .9686| .0731| 1.2470 —. 1788 2.6/ 2.1496| 1. 0110/—. 0170, .9768 0581 1.2329|—. 2241

2. 8| 2.1530, .9970[ .0091] .9807| .O0485| 1.2071|—. 2135 2. 8| 2.3514| 1.0078|—. 0142| . 9862 .0371| 1. 1866/—. 2329

3.0] 2.3526| .9984] .0051] .9885 .0309] 1.1640|—. 2128 3. 0] 2. 5527 1. 0053|—. 0109] . 9921 0227] 1. 1416)—. 2126

3. 2| 2.5523| .9992| .0028| .9934| .0189| 1.1234|—. 1897 3.2| 2.7536| 1.0035/—. 0078 .9956| .0134| 1.1024|—. 1773

3. 4| 2. 7522 .9996/ .0014| .9963| .0111| 1.0887|—. 1559 3. 4| 2. 9542| 1. 0022(—. 0053| . 9977 0076| 1. 0709|—. 1377

3. 6| 2.9522| .9998/ .0007| .9980 .0063| 1.0611|—. 1200 3. 6| 3.1545| 1. 0013|—. 0034| . 9988 0041| 1. 0471(—. 1009

3. 8| 3.1521| .9999| .0004| .9990/ .0034| 1.0405 —. 0873 3. 8| 3.3547| 1. 0008/ —. 0021 .9994| .0021| 1.0301|—. 0702

4. 0| 3.3521| 1. 0000/ .0002| .9995 .0018| 1.0258 —. 0604 4. 0| 3.5548| 1. 0004|—. 0013| . 9997 0011| 1. 0186|—. 0466

4. 2| 3.5521| 1. 0000/ .0001| .9998 .0009| 1.0159/—. 0400 4. 2| 3.7549| 1. 0002(—. 0007, .9999| .0005| 1.0111(—. 0296

4. 4| 3. 7521| 1. 0000; .0000| .9999 .0004| 1.0094|—. 0254 4. 4| 3.9549| 1. 0001|—. 0004, . 9999 0002| 1. 0064|—. 0181

4. 6| 3.9521| 1. 0000/ .0000, .9999/ .:0002| 1.0054|—. 0155 4. 6| 4.1550| 1. 0001|—. 0002| 1. 0000| .0001| 1. 0035/ —. 0107

4. 8| 4. 1521| 1. 0000/ .0000| 1.0000( .0001| 1.0030 —. 0091 4. 8| 4.3550| 1. 0000(—. 0001| 1. 0000{ .0000| 1.0019(—. 0061

5.0[ 4. 3521| 1. 0000/ .0000| 1. 0000, .0000| 1. 0016/—. 0052 5.0| 4. 5550 1. 0000, .0009| 1. 0000 .0000| 1.0010(—. 0033

5. 2| 4. 5521| 1. 0000/ . 0000/ 1. 0000/ .0000| 1.0008—. 0028 5.2 4. 7550 1. 0000, .0000| 1. 0000/ .0000| 1.0005—. 0018

5. 4| 4. 7521| 1. 0000{ .0000| 1.0000; .0000/ 1.0004|—. 0015 5. 4| 4. 9550| 1. 0000/ .0000| 1.0000[ .0000| 1.0002{—. 0009

5. 6| 4.9521| 1. 0000, . 0000/ 1. 0000/ .0000/ 1. 0002|—. 0008 5. 6| 5.1550| 1. 0000[ . 0000/ 1.0000/ .0000| 1.0001|—. 0005

5. 8| 5.1521| 1. 0000| . 0000 1.0000{ .0000 1.0001|—. 0004 5. 8| 5.3550| 1. 0000 .0000| 1. 0000/ .0000| 1.0000|—. 0002

6.0[ 5.3521| 1. 0000 .0000| 1.0000{ .0000/ 1.0000(—. 0002 6. 0| 5.5550, 1. 0000[ . 0000/ 1.0000| .0000( 1.0000|—. 0001
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TABLE II.—Concluded. STAGNATION-LINE SOLUTIONS FOR YAWED INFINITE CYLINDER WITH PRANDTL NUMBER OF 0.7

Insulated surface; 22=0.9045; 2=3.0; {,=0.8567 Insulated surface; “%%—0.8838; - =6.5; {,—0.8627
l o fo o

n i f! 1 g g 0 8’ i f! 1! g g 8’

0 | 0.0000| 0.0000| 2.2902| 0.0000| 0.6716| 0.0000| 0.0000 0 | 0.0000 0.0000| 3.8392| 0.0000| 0.7797| 0.0000| 0. 0000
.2 | .0422| . 4042| 1.7554 .1342| .6696 .0377| .3758 .2 | .0692 .6541) 27135 .1557 .7760| .0530| .5270
"4 | 1548 7049| 1.2622| .2671| .6572| . 1488 7269 ‘4 | 2474] 1.0934| 1.7066 .3091| .7530 .2073| . 9987
"6 | (3181 .9136| .8375 .3959| .6273 .3235 1.0028 "6 | .4945| 1.3493 8885 .4549) .6998 .4419| 1.3117
'8 | .5152| 1.0454| .4952| .5167| .5774| .5411| 1.1487 '8 | .7778| 1.4631| 2863 .5869| .6164| .7154 1.3802
1.0 | .7323| 1.1174| .2384| .6257 .5008 .7721| 1.1345 1.0 | 1.0732| 1.4776/—. 1068| .7000{ .5123 .9769| 1.1976
12 | .9593 11460 0612 .7199| .4305 .9849| 9710 1.2 | 13649 14320\ —. 3220 .7914| .4014| 1.1829| .8438
1.4 | 1.1889| 1.1463|—. 0479| .7976| .3473 11538 . 7070 1.4 | 1.6442 1.3576|— 4032 .8610| .2970| 1.3111| 4304
1.6 | 1.4168| 1.1304|—. 1041| 8500 2676 1.2654| .4087 1.6 | 1.9076| 1.2764|—. 3968 .9112| .2082| 1.3623 .0882
1.8 | 1.6406| 1.1071|—. 1228 9053 .1971 13190 .1365 1.8 |2 1553| 1.2019)—. 3428 .9456) .1386| 1.3536/—. 1548
2.0 | 1.8596 1.0827|—. 1182 .9387 .1389| 1.3243|—. 0707 2.0 | 2 3893| 1.1404/—. 2709 .9679| .0880| 1.3080 —. 2825
2.2 | 20738 1.0607|—. 1013 .9617| .0937| 1.2960 —. 1998 2.2 | 2.6124| 1.0934|—. 1999 . 9818| . 0534/ 1.2466—. 3181
2.1 | 22841 1.0425/—. 0801| .9770| .0606| 1.2491|—. 2576 2.4 | 2.8275| 1.0597|—. 1393 .9901| .0310| 1. 1845 —. 2049
2.6 | 2.4911| 1.0285|—. 0595 .9867| .0376| 1. 1964|—. 2620 2.6 | 3.0370| 1.0367|—. 0924| .9948 .0173| 1.1304|—. 2430
2.8 | 2.6058 1.0185|—. 0419 9925 .0224| 1. 1464|—. 2336 2.8 | 3.2428) 1.0218|—. 0587 .9974 .0092| 1.0877—. 1840
3.0 | 2.8987| 1.0115/—. 0281 .9960| .0128| 1.1038 —. 1901 3.0 | 3.4461| 1.0126(—. 0358 .9987| .0047| 1.0564/—. 1304
3.2 | 301005 1.0070|—. 0181 9979 .0070| 1.0704|—. 1441 3.2 | 36480 1.0070|—. 0210, .9994| .0023 1.0348—. 0873
3.1 | 33016 1.0041|—. 0112 9990 .0037| 1.0458—. 1029 3.4 | 3.84911 1.0038(—. 0119 .9997| .0011| 1.0207 —. 0557
36 | 35022 1.0023/—. 0067 .9995 .0019| 1.0287|—. 0698 3.6 | 4 0496| 1.0020—. 0065 .9999| .0005 1.0118—.0340
3.8 | 37026/ 1.0013/—. 0039 .9998 .0009| 1.0173|—. 0453 38 | 4.2499| 1.0010|—. 0035 9999 .0002| 1. 0065 —. 0199
4.0 | 3.9028 1.0007|—. 0021 .9999 .0004| 1.0101|—. 0281 4.0 | 44501 1.0005/—. 0018| 1.0000| .0001| 1.0035—. 0112
42 | 41020 10004 — 0012| 9999 .0002 1.0057—. 0168 42 | 46501 1.0003/—. 0009 1.0000| .0000. 1. 0018 —. 0061
4.4 | 43030 1.0002—. 0006| 1.0000/ . 0001 1.0031|—. 0097 4.4 | 4 8502| 1.0001—. 0004| 1.0000| 0000 1.0009|—. 0032
4.6 | 4 5030 1.0001—. 0003 10000/ -0000| 1.0016—. 0054 46 | 50502 1.0001—. 0002 1. 0000 0000 1.0004—. 0016
48 | 47030 1.0001|—. 0001 1.0000] .0000| 1.0008—. 0029 4.8 | 5 2502| 1.0000|—. 0001| 1.0000| 0000, 1.0002—. 0008
5.0 | 4.9030 1.0001|—.0001| 1.0000{ .0000| 1.0004|—.0015 5.0 | 5.4502| 1.0000{ .0000| 1.0000 .0000| 1.0001/—. 0004
5.2 | 51030 1.0001 .0000| 1.0000( .0000 1.0002—.0007 5.2 | 5 6502 1.0000[ . 0000/ 1.0000| .0000| 1.0000|—. 0002
5.4 | 53030 1.0001 0000/ 1.0000( .0000 1.0001—. 0004 5.4 | 58502 1.0000[ .0000| 1.0000 .0000| 1.0000/—. 0001
5.6 | 5.5031| 1.0001 0000 1.0000/ .0000 1.0000—. 0002 5.6 | 60502 1.0000] 0000 1.0000/ . 0000, 1.0000| 0000
5.8 | 57031 10001 0000 1.0000{ .0000| 1.0000|—. 0001 5.8 | 6.2502| 1.0000{ .0000 1.0000{ .0000| 1.0000| .0000
6.0 | 5.9031| 1.0001| 0000/ 1.0000[ .0000| 1.0000 .0000 6.0 | 6.4502| 1.0000| .0000| 1.0000 .0000| 1.0000/ .0000
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TABLE III—SUMMARY OF HEAT-TRANSFER
AND SKIN-FRICTION PARAMETERS FOR
YAWED STAGNATION LINE

(a) Prandtl numkter, 1

0"’7 rr
0 Ny g; w

0 15,(1) 0. 6489 0. 5067 1. 2807
1.2 . 6823 . 5130 1. 3300

1:°6 . 7475 . 5249 1. 4241

2.0 . 8105 . 5358 1. 5127

2.2 . 8413 . 5410 1. 5551

3.0 . 9607 . 5603 1. 7146

4.0 1. 1025 . 5815 1. 8960

6.0 1. 3679 . 6174 2. 2156

6.5 1. 4313 . 6254 2. 2886

0. 25 152 0. 8673 0. 5344 1. 6229
1.6 . 9850 . 5507 1. 7886

2.2 1. 1530 . 5724 2. 0143

3.0 1. 3644 . 5976 2. 2831

0. 50 1.2 1. 0409 0. 5530 1. 8823
IS0 1. 2062 . 5728 2. 1058

2.2 1. 4406 . 5986 2. 4066

3.0 1. 7341 . 6280 2. 7613

4.0 2. 0785 . 6593 3. 1526

6.5 2. 8663 . 7213 3. 9738

0. 75 152 1. 2059 0. 5695 2.1175
1.6 1. 4153 . 5921 2. 3903

2.2 1. 7110 . 6212 2. 7543

3.0 2. 0802 . 6541 3. 1802

1. 00 1.0 1. 2326 0. 5704 2. 1610
1.1 1. 2989 . 5776 2. 2488

1.2 1. 3640 . 5845 2. 3336

1.5 1. 5535 . 6035 2. 5742

1.6 1. 6149 . 6094 2. 6500

2.0 1. 8532 . 6313 2. 9355

2.2 1. 9684 . 6413 3. 0694

3.0 2. 4086 . 6770 3. 5578

4.0 2. 9230 . 7143 4. 0921

6.0 3. 8711 L7742 5. 0001

6.5 4. 0951 . 7871 5. 2028

11. 0 5. 9630 . 8808 6. 7700

1. 50 1-2 1. 6641 0. 6109 2. 7240
1.6 1. 9924 . 6397 3. 1146

2.2 2. 4534 L6761 3. 6288

3.0 3. 0259 L7163 4. 2243

2. 00 180 1. 7368 0. 6154 2. 8223
2.0 2. 7262 . 6931 3. 9334

6.0 5. 9032 . 8666 6. 8119

TABLE III.—Continued. SUMMARY OF HEAT-
TRANSFER AND SKIN-FRICTION PARAM-
ETERS FOR YAWED STAGNATION LINE

(b) Prandtl number, 0.7

o to y ; e tw—to ) ’

10 tNO fw i 0"7 g:; (tw_taw 0“

0. 0000 1. 0[0. 6071/0. 4970|0. 4362/1. 2216 0. 4362
1. 6| . 6870| . 5129| . 4226/1. 3395 . 4475
3.0| .8617| . 5444| . 4262(1. 5827 L4712
6. 5|1. 2526| . 6041| . 4582|2. 0734 . 5184

0.5 1. 0/0. 9362/0. 5382|0. 4696/1. 7395 0. 4696
1. 6|1. 1824 . 5692| . 4386|2. 0773 . 4935
3. 0[1. 7009| . 6252| . 4350|2. 7206 . 5377
6. 5/2. 8164| . 7200 . 4717(3. 9117 . 6145

120, 1. 0/1. 2326/|0. 5705|0. 0000|2. 1606

. 9444 1. 6[1. 5724 . 6067| . 0000(2. 5917
. 9045 3. 0[2. 2902| . 6716/ . 0000(3. 4101
8838 6. 5(3.8392( . 7797| . 0000(4. 9239

TABLE IV.—LOCAL RECOVERY FACTORS FOR YAWED
STAGNATION LINE

Local recovery factor, &,
Yaw
parameter,

to Prandtl number
tw,

0.7 0.8 0.9 1.0
1.0 0. 8485 0. 903 0. 953 1. 000
156 S8BI8 || hemesa lREISE 1. 000
3.0 #BBA7 - 1 aod o e e 1. 000
6.5 J862T A (| |2k 2ot (D 1. 000
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