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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVANCE RESTRICTED REPORT 

ON THE FLOW OF A COMPRESSIBLE FLUID

BY THE HODOGRAPH METHOD 

II - FUNDAMENTAL SET OF PARTICULAR FLOW SOLUTIONS 

OF THE CHAPLYC-IN DIFFERENTIAL EQJJATION

By I. E. Garrick and Carl Kaplan 

SUMMARY 

The differential equation of Chaplygin's jet problem 
is utilized to give a systematic development of particular 
solutions of the hodo graph flow equations, which extends 
the treatment of Chaplygin into the supersonic range and 
completes the set of particular solutions. 

The particular solutions serve to place on a rea-
sonable basis the use of velocity correction formulas for 
the comparison of incompressible and compressible flows. 
It is shown that the geometric-mean type of velocity 
correction formula introduced in an earlier paper, part I, 
has significance as an over-all type of approximation in 
the subsonic range. 

A brief review of general conditions limiting the 
potential flow of an adiabatic compressible fluid is 
given and application is made to the particular solutions, 
yielding conditions for the existence of singular loci 
in the supersonic range. 

The combining of particular solutions in accordance 
with prescribed boundary flow conditions is not treated 
in the present paper.

INTRODUCTION 

This paper presents a theoretical investigation that 
may be regarded as a continuation of studies initiated

KM
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In part I (reference 
to unify the results 
Temp le and Yarwood, 
their results were c 
correction factors f 
sible and compressib 
velocity correction 
to have a somewhat w 
formulas of the afor 
results of part I we 
ticuler solutions of 
basic Solutions corr

1). In part I an attempt was made 
of Chaplygin, von K 'ima'n and Tsien, 
and Prandtl and Glauert insofar as 
Dncerned with velocity end pressure 
or the correspondence of incompres-
le flows. In addition, two new 
formulas were introduced that appeared 
ider range of applicability then the 
s-mentioned authors. Most of the 
re obtained with the use of two par-
the hodograph equations. These two 

espond to a vortex and a source in a 
compressible Iiuici. 

It was mentioned in pert I that, in order to treat 
the exact boundary problem of uniform flow of a compres- 
sible fluid past a prescribed body, a general set of 
particular solutions of the hodograph equations had to be 
obtained. Such a study is given in the present paper, 
which incidentally helps to clarify the nature of the 
velocity correction factors of part I - in particular, 
the one referred to es the"geometric-mean" type of 
approximation. In addition, many interesting types of 
flows are disclosed from a physical interpretation of 
the particular solutions. A few such solutions have 
already been obtained and discussed by Ringleb (refer- 
ence 2). 

Several mathematical approaches exist by means of 
which particular integrals of the hodograph equations 
may be obtained. Two such approaches, mentioned in 
part I, may be attributed to Chaplygin (reference 3) . and 
Bers and Gelbart (reference L) and are analogous to an 
exponential and to a power-series approach, respectively. 
Another method of defining particular integrals is the 
integral-operator method of Bergman- (reference 5). In 
the present paper the differential equation, first used 
by Chaplygin in his treatment of jets (reference 3), 
provides the basis for the definition of a complete set 
of particular solutions. 

The scope of the present paper i limited chiefly 
to a systematic study of the fundamental solutions and 
to the physical interpretation of some of the particular 
flows represented by them. The combining of particular 
solutions to represent uniform flow pest e prescribed 
body is not treated herein. It is believed, however, 
that the present study may serve as a basis for further 
development a

nd clarification of this important problem.
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SYMBOLS 

X, y rectangular coordinats in plane of flow 

q magnitude of fluid velocity 

e angle included by velocity vector and posi-
tive direction of x-axis 

P density of fluid 

p pressure in fluid 

a velocity of sound in fluid 

Mach number	 (q/a) 

p 0 ,	 p 0 ,	 a0 quantities referred to stagnation point 	 q = 0 

velocity potential 

stream function 

ratio of specific heats 	 (approx.	 1J4. for air)

1 

=	 (approx. 5/2 for air) 

2pa0 2	 maximum fluid velocity (corresponding to 
pp=a=O) 

T	 dimensionless speed variable 

1T- 
q2 - ____4 ̂ . ) 

- 2pa02 - 2p + 7VI2 

T 5	 sonic value of T (T3	
1	

approx. 

116 for air	
2+l

) 

For P > 0 (or 1 <	 < ), the range of T Is 
0T1. 

AF 
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GENERAL PARTICULiR SOLtP:tONS OF THE H.ODOGRPH EQUATIONS 

Hodcrarh Equations 

The linear 
and o, which 
stream function 
of e r'onviscous

equs.tions in the hodogre ph variebles 0 
cel.ate the velocity potertial 	 and the 

J ,	 or the steady two-dimensionsi flow, 
compressible fluid, are 

jJ 
;-i•--	 . 1 (q)--

(1) 

ô\1I 
-= 

in which, for the edibetic equetion of state between 
pressure and density,

C) 
(q)  

1

-	 q 

(1 - 

and

= 
-.

= a2 ( - 
pCj\\

(2 	 + l)i' 

- T) 

(See equations (21) and. (25) of reference 1.) 

In the Incompressible case T ---Q, equations (1) 
can he expressed in the Cauchy-Riemann form. Particular 
solutions 41 =	 + i'tiJ can be exuressed in this case as 	 - 
any analytic function of the complex veriable

(2)
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or as any analytic function of the related exponential 
function

e	 = qe 8	 () 

Thus, an infinite set of particular integrals of equa-
tions (1), in the incompressible case, referred to herein 
as 'the powers set, is w

k
. When k is a positive 

integer, the particular Solutions vanish at the origin 
(e = 0, log q = 0) and, when k is a negative integer, 
the particular solutions are infinite at the origin. In 
the case of nonintegral values 

of 
k, the origin is a 

branch point of the functions w. 

Another infinite set of particular integrals of 
equations (1) in the incompressible case, referred to 
herein as 'the exponential set,!! is 

(e")' = qkekO 

where, again, k can take on any value - integral, non-
integral, positive, or negative. 

In the compressible case, the particular solutions 
corresponding to the powers set w 1 (that is, the par-
ticular solutions which reduce to wk in the incompres-
sible case i---0) depend on whether the coefficient of 
wk is real or imaginary - a consequence of the fact 
that, in the compressible case, 0 and 'Ji do not 
satisfy the same differential equation. For example, 
for k = 1, the two functions corresponding to w 
and iw, which have been developed in part I, are 

W = e + iL 

and

i = 1(0 + 

whore

L = log q + f(T) 

and

= log q ± g(T)
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and f(T) end ' g(T) each vanish for T = 0. (See 
equations (26) and. (27) of reference 1.) 

The development of other functions corres ponding to 
the power set wk , for positive integral values of k, 
follows according to the method of Ber's and Gelbart. 
(See expression (22) of reference 1.) Since the present 
paper is chiefly concerned with the functions corre- 
sponding to the exponential set e1k, the powers set 
is not further discussed. 

Cheplygin Differential Equation 

The Functions P1 and	 , 

Corresponding to the exponential sets in the incom-
pressible case 

e_=qk cos ko_iqk sin k9 

and

ie	 qk sin IcO + iq cos k 

there appear in the compressible case functions designated, 
respectively,

P(q) cos lce - I	 (q) sin kG 

and

	

P(q) sin kG + I	 (q) cos kG 

where the functions P(q) and	 satisfy second-

order differential equations. These equations are easily 
obtained by substituting in equations (1) the product- 
type solutions

	

= P(q) :	 (M)	 1
(L) 

J
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7 

In view of equations (1) it is observed that 

p(q)=Poqd()

(5) 

dP(q) 
= -iq Q1(q) 

The functions Q(q) satisfy the second-order differ- 
ential equation 

q2 d

2 
'^`k 

+ (i 
+.M4)q	 k	 k2 (i	 M2)	 = 0	 (6) 

The functions P(q) can be obtained from Qk( q ) by 
means of the first of equations (5). Equation (6) may 
he reduced to a standard type by introducing T as the 
independe

nt variable. Put 

(q) = qk 
Yk (T )	 (7) 

where clearly ;(T)—>l as T-0 (incompressible 
case). With the use of the symbolic relations 

	

.0	 = 2T a-. 
dq	 di 

2d d q —=4T —+2r 
dq 

and the relation

= 2p 
l-T 

the desired differential equation is

 1 
T(1T) _J+ k+1) -(k+1-	

]	 +k(k+1)Yk=Q	 (8)
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Eq uation (8), which is of the hypergeometric type, was 
first introduced by Chaplygir in his memoir on gas jets 
(reference ).

The Functions Yk and Y 

Chalygin treated the subsonic flow of a compres-
sible fluid through jets with straight-line boundaries. 
For such problems the hodograph variables e and q 
are natural variables in the sense that the solid and 
fluid. boundaries are described by e = Constant and 
q = Constant, respectively, and only the particular solu-
tions of equation (8) with positive characteristic 
index k are needed. In the present paper a complete 
ordered set of particular solutions of equation (8) is 
obtained, which extends the results of Cha plygin into 
the supersonic range and to negative values of the 
index k. Two types of solutions of equation (8) for 
nonintegral values of k are 

Y1 (T) = F(ak, bk, I,-+J; T)	 (9) 

and

7k(T)	 Tk Fak_k , bk-k , 1-k;	 (10) 

where

Sic + bk	 k — p 

akbk = —- (k + 

and 

F(a, b, c; T) = i + ab T+
 a(a + 1)b(b + 1) .. 2 + - 

C	 2 1. c(c+l) 

It is now shown that only one of the solutions need be 
used. For positive values of k, the requirement that 
y(0) = 1 excludes the use of equation (10). Fo nega- 
tive values of the index, the solution 	 1(q) q- Yrk(-T) 
obtained with the aid of equation (10) is, except for a 
constant factor, equivalent to the solution 	 (q)qk Yk(T) 
obtained with the aid of equation (9). Thus
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= q_k 1_k(T) 

= q_k1k 
F (a k+k , b _k+k , k+1; T) 

= qTlt F(ak, bk , k+1; 

/ j 
Hence, only the solutions given by equation (9) are 
needed for the determination of	 end 
Then

= qk Y1 (T) 

= qk F(a17 , b 1 , k+l; T)
	

(11) 

and

= q-k Y_k(T) 

q_k F(ak, bk, -k+l; T) 

= qk F(ak-k, hi r k -k+l; T)
	

(12) 

Observe that both types of hypergeometric functions 
appearing in equations (9) and. (10) are utilized in the 
expressions for	 (q) and 

The foregoing discussion has been limited to non-
integral values of the index, positive or negative. When 
the index is integral end positive, equations (9) and (11) 
remain valid. When the index is integral and negative, 
however, equation (12) does not in general lead to a 
meaningful solution and consequently another independent 
solution is to be sought. The desired solution for 

Y_k( T ) in such cases contains a logarithmic term and 
again is subject to the condition that it reduce to unity 
for I = 0 (incompressible case). The expression for 

is then given by

-k = q	 Lk ( T )	 (13)
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Case of .	 -1:

, 
Consider as an example the von Ka

/
rman-Tsien treat-

ment of compressible flow (reference 6) in which the 
1 adiabatic index y = -1 orp =	 Then 

k+ 1 
a1 =  

2 

k
bk_f 

For a negative integral index, equation (l) may appear 
to be applicable, in which case the expression for 

Yk (T) would he a polynomial of degree Ic - 1. An 

examination of equation (12) shows, however, that for this 
case no infinities arise and that, when the index is 
negative, integral or noriintegral, 

= F(-i, 2' 1-k T) 

The hypergeometric series represented by 	 con-

verges for values 0	 I T I < 1. For the present case of 

= -1 or	 = _-, values of T corresponding to 

positive values of M lie outside the range of conver-
gence. A closed expression for Yk(t) can be found, 
however, for this case which, by analytic continuation, 
is therefore valid for all values of T. Thus 

/l k	 Ic 
Y k( T ) = F1--, -a-, 1-k; T 

= [ +(l 1)112] 

Similarly, from equation (9), when the index is positive,
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Yk(T) =	 -, 1+k; T) 

= [i + (1 -	 1/2] 

2 

T) 

Observe that

= __ 1 

	

F	 2	 -1k 
= 1q.	

1/2	
(14)L 1 + (1 - T) 

This identity for the von Ks'rme'n-Tsien case corresponds

	

to the identity qk =1	 for the incompressible case. 
qk 

Case of k = 1: 

For k1, 

a1 1	 b1-3	 c12 

Then, for the positive index, 

= q y1 (r) 
I

= q F(i, -1, 2; T) 

1 - (1 -
(15) 

(ç3 + 1)T 

For the negative integral index, it may appear at first 
glance that equation (i) is needed; however, equation (12) 
does yield a relevant and finite result and accordingly 
is the equation to be used. Thus

V 
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Urn F(ak-k$ bk-k , 1-k; T) 1 + T -
	 T2 + 2( -1) 

k—>1	 2x21	 2x31 

-	
-1)( - 2 ) .14 + ••• 

2 x 141 

[1-(1-T)'] 
2+ 1 

and therefore 

Q1(T) = q-1 1 +	 - (1 -	 (16) 
2	 +lL_ 

Case of Ic = 0: 

The exceptional case of Ic = 0 is directly treated 
by means of equation (8). The differential equation for 

or Q0 (T) then is

1=o 
di (1 - i)	 dTJ 

The general solution of this equation can be written as 

Q(q) = 2C1 log q + c1 

f 
[(1 - T) - ii	 + C2
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where C 1 and C2 are arbitrary constants of intere-

tion. The constants C 1 and C2 are determined by the 
imposed condition that the expression for Q 0 (q) reduce 
in the incompressible case simply to log q. Then 

Cl— 1 f 

C2 = 0 

and therefore

• 1 ITr dT Q0 (q) = log q + 
	

[(1 -	
- ii r	

(17) 

In a similar manner, from the differential equation for 
F0,.

T(l - T) P'l dPol 
dT :- [1 - ( 213 + i)i i_j = 

the expression for	 is obtained as 

fT	 (2j3 + l)T	 L 

 

p0 (q) = log q 
+- T

 L 

it is remarked that the functions Q0 (q) and P0(q) 

are identical with the elementary functions L(q) 
and	 (q), respectively, introduced in part I (refer-
ence 1) and are associated with a vortex and a source 
type of flow.

The Functions Rk and 

A linear homogeneous differential equation of 
order n can, in general, be reduced to a differential 
equation of order n - 1 by means of an exponential-
type substitution for the dependent variable. Chaplygin 
made use of such a substitution to reduce the second-
order differential equations satisfied by P k and
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to first-order equations of the Riccati form, in order 
to study properties of the functions P k and Qk in the 
subsonic range for only positive values of k. In the 
present analysis the Ricetl equations are also found 
useful in order to extend the study of the functions Pk 
arid Q. to the supersonic range for both positive and 
negative values of the index k. 

The second-order differentia] equations for 
and	 with T as the independent variable, are 

	

d rT( l - T) 1 dPkl	 k2 (1 
— I-----	 P =0 

	

dTLl - (23 + l)T dT]	 14	 T 

and

dr_T 	 dC1k2l (2P+1)TQ0 
dT Ll - T)	 d.T J	 T(l - T) 

The corresponding first-
obtained by substituting 
variables Rk and Sb., 

rk

Drder iiccati equations are 
for Pkand Qknew dependent 
respectively, as follows: 

= 

or

- 2T j dPk 

= 2T 3  

log Pk	 (19) 

and S 
k dT 

= C
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Sk 
- 2T 1 dC 

k Qkdi 

2T d	
F- log Q	 (20) 

The equations satisfied by Rk(T) and SOT) are 

2L+ (21) 
dT	 1-(2p+1)i 1-T	 1 - T	 J 
and 

dSk	 k 

IS 2	
1 - (2 + 1)7 + 

di 1  k	 k -.	 1i	 1°	 (22) 
Initial conditions for 	 and Sk(T) are found by 
examination of the incompressible case r —0. In this 

case Pk = Qk. = qk and, since 2r 	 q	 it follows 

from equations (19) and (20) that	
q 

= Sk( 0 ) •= ]. 

The following important relation exists between the 
functions Rk(T) and Si(T): 

Rk( T
) sk(i) = 1 - (2 + 

1 -T 

=i_I 2	 (2) 

Equation (2) can be verified directly from the hodograph 
equations (1). It may be noted at this point that this 
result is of significance in connection with the 
geometric-mean type of velocity correction factor intro-
duced in part I and is discussed more fully in a later 
section. 

16 

or
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Before the functions ROT) and Sk( T ) are treated, 
certain general observations can be made regarding the 
functions PO T), Qk(T), Rk( T ), and Sk( T ) . Chaplygin, 
who limited his investigations to the subsonic range and 
to positive values of the index k, has shown that 

and consequently the other functions possess no roots 
for any value of the independent variable in the subsonic 
range, with M = 0 excluded. In the supersonic range 
M > 1, Piç (T) and Oh( T ) in general possess zeros. 
Certain relations obtained by means of equations (19), 
(20), and (23) between P1, Qk' Rk, and Sk at the 
zeros of Pkand Qk are summarized as follows: 

Pk
(Th

dP. dO,1.
S 'k k 

0 1Max or rain ... 0 CO 0 

Max or rain 0 0 , 0

It is remarked that the number of zeros of 

as a function of the index k, can be found from an 
expression developed by Klein and Hurwitz (reference 7) 
in connection with the zeros of the hypergeometric func-
tion. In general, the number of zeros increases with 
the magnitude of the index k and is infinite for 
k =

A further observation 
nection with equation (23) 
for positive finite values 
for negative finite values 
are not zero for the sonic 
From equation (23) then, i 
Rk( T ) = 0 for M = 1.

of interest can be made in con-j 
Chepl,Tgin has shown that, 

of Ic (and the same is true 
of k), the functions Sk(T) 
value T = T3 or M = 1. 
follows that the functions 

In view of the relation between the functions 
and SIc given by equation (23), only S i,, need be dis-
cussed. The Riccati equation (22) may be used to discuss 
certain properties of the function SIc but in general, 
for numerical evaluation, the original definition (equa-
tion (20)) in terms of the function QIc may be used 
directly:
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2i 1 dQk 

or

S1 = 1 + 2T dYk 
d  

In general, the functions Sk are expressible in infi-
nite series. For several values of k, however, S1 
can be expressed in closed forms. For k = 0 and 
k ±, Sk may he obtained by a limiting process from 
equation (20); however, for these special cases the 
Ficcati equation (equation (22)) yields the results 
directly. Thus

S0 = (1 - T)	 (2L) 

and

[1 - (2 P+ 1)T 1/2 

l - T 

/ 
= '\1 - lvi'- )	 (25) 

The oases	 k = 1 and	 k = -1 may also be expressed in 
closedform. With the aid of the equations (15)	 and	 (16) 
for	 and Q, equation (20) yields

S i	 1 - 2	
- (1 + ç3r)(1 - r)	

(26) 
1 - 

and

S	 = 1-	
T(l - T)P	

(27) 
l 

l+ 1 -.	 r	 (1-T) 
P+l

•_j 2p+1L 

In order to illustrate the behavior of some of the 
functions thus far introduced, a number of table s and 
figures are given. All the calculations have been 
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performed with the adiabatic index ? = 1.4. Table 1 
gives values of	 as a function of M or T for 
several positive and negative values of the index k. 
Figure 1 shows the Y1 functions plotted against M. 
Values of the Sk and Rk functions are given in 
tables 2 and 3 and are plotted against M in figures 2 
and 3.

The Functions fk( T ) and g(T) 

In the incompressible case, the sets of functions 
and P, can be reduced to a single function log q by 

means of a simple operator - ±o6. Thus 

Qi =	 =qk 

and

log q' = log q 

This same operation applied to the functions Qk and 

in the compressible case serves to define two useful sets 
of funcbions log q + fk( T ) and log q ± SO), respec-
tively. Thus

log k = log q + fk( T )	 ( 28) 

and

log P= log q+g(T)	 (29) 

From equation (7), namely, 

= qk y(T) 

it follows that

1 
fk(T) = j• log Yk( T )	 ( 30)



20
	

NACA ARR No. 14I29 

From equation (5) for Pkand equation (20), which 
defines Sk,

Pk	
1 

=	 - T) 

Q 
k 

S 
k 

It follows that 

g(T) = 1 log 
Yk( r ) Sk(T) 

(1 - T) 

	

= f(r) +	 log	
Sk	 (l) 

(1 - T) 

For example, for k = 1 and k = -1 and with the use of 
equations (15) and (16), 

1	 "L - T1 
f1(T)	 log	 (32) 

(p + 

- T )P[l + ( 2p + l)T] - 1 
= log

	

	 (33) 
(p + l)(l - 

C (T)=— log 1 +	
1 rl 

- 	 T)P+l]t	 (34) 

(3P + 1) - p(1 + T) (1 - T)P 
g 1 (T) — log	 (35) 

2(p + 1)(1 - 

For k = 0 and Ic = ±, equations (30) 
a limiting process for their evaluation. 
for fk(T) and g(T) may be obtained, 
means of equations (19) and (20) definin 

Sk( T ), which yield the results for Ic = 
directly. Thus

and (31) require 
Alternate forms 

however, by 
g Rk(T) and 
0 and k= ±c
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fk(T) = L r  
[I	 T 

	

- ij	 (6) 

and

dT 
91(i)	

lfTR() - 1J
	 (57) 

where ROT) and Sk(T) are related according to equa-
tion (25). Then 

f0(T)
	 ]nT[(1 -

	 - i]	
.	

( S) 

g(T) 
=	 tIT 

[L ; '	 - 1]	 (59) 

and

-  
f(i)	 gT)	

iJuJIl(2i) 1/2
I 	

-1 dT
	

(ho) 2	 1-T J 

It is worthy of special notice that the functions 

and ft0,(T) are identical with the functions 

f (T), g(r), and h(T), respectively, which formed the 
basis of part I (reference I). In addition, the expres-
sions log q + f 0 (T), log q + g0 (T), and log q+f(r) 
are identical with the functions L, L, and H,

 q+-ft

 
respectively, which were introduced in part I. 

A number of functions fk and gk have been 
calculated, with y 1.4, for several positive and 
negative values of the index k, and the values are 
given in tables 4 and 5 and plotted in figures L. and 5.
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The opportunity is taken here 

von Krman-Tsien case ( = -1 or 

fk	
•l 

= k	 - log	
+ (1

to note that, for the 

2)' 

- 

2 

= log	
2i/l-M 2 

1 +	 - 

end that the sets of functions Pk and Qk	 as in the 

incompressible case, are reduced to a single function by 

the operator	 log; namely (compare equation (iLk) ), 

- 
log q+ log	

.,/	 2 

i+/L_M2 

In fact, the complex-flow potential 0 + i 4i can be 
expressed. as an analytic function of a single complex 

2/lM2 
variable B + i log q	 • Tsien has made use 

1 + 
of this complex variable in his hodograph treatment of 
the compressible flow past an elliptic cylinder (refer-
ence 8).

Velocity Correction Factor 

The solution of the problem of an exact corre-
spondence between the flow past a prescribed body in an 
incompressible fluid and the flow pest the same body in 
a compressible fluid is a difficult matter. This 
problem can be solved exactly for certain types of flow 
patbern (not past closed shapes), such as flows inside 
or outside angles or channels, and for certain flow 
singularities such as a vortex, source, and doublet - 
types of flow which can be associated with the particular 
solutions Qk . Some of these types of flow are illus-

trated by examples in the following section. Combining
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particular solutions to represent uniform flow past a 
prescribed body is a complicated process, since the treat- 
ment of infinite series in the functions Qk for both 

positive and negative values of k is involved. Further- 
more, the process of returning to the physical-plane 
variables from the hodograph-plane variables hinges on 
nonelementary parts of differential geometry. Certain 
types of jet problems can be properl y treated in the sub- 
sonic range by series in Qk with k positive, as was 
shown by Chaplygin (reference 3). Thus, it appears that 
much work remains to be done in order to render feasible 
exact and practical solutions for uniform flow past pre-
scribed bodies in a compressible fluid. Because of the 
difficulty and complexity of the general problem of flow 
in a compressible fluid, attempts have been made by a 
number of investigators to obtain results by means of 
velocity correction formulas that serve to place in 
correspondence velocities in an incompressible and in a 
compressible fluid. 

In part I the velocity correction factor was dis-
cussed with particular reference to the two functions L 
and L (Q0 and P0 of the present paper) associated 
with a vortex and source type of flow, respectively. The 
main justification for the results of part I was the 
yielding and the unifying of the results of Chaplygin, 
von Ka'rma'n and Tsien, Temple and Yarwood, and Prandtl 
and Glauert. The knowledge of the infinite set of func-
tions Pk and Qk discussed in the present paper can 
now serve to establish further on a reasonable basis the 
concept of a velocity correction formula. 

In order that a single velocit y correction factor 
be feasible, even for a flow associated with a particular 
solution, it is necessary that Pk z Qk	 Consider, for 
example, the functions Qk and Pk insofar as the first 
power of the variable i is concerned. It can be shown 
easily that

log r,k = log q + fk(T) 

log q -	 3T
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and

log P k = log q + g(T) 

log q - 

Thus, to the first power of T and independent of k, 

f 1,(T) =

1 

Then

Pk Qk 

(qefrk 

The nature of the correspondence between the incompressible 
flow and the compressible flow is such that 

øi =øc •.)
	

(14.1) 
'ti/i = '

tfc 

Without going into any details here of the field point 
correspondence or of the boundary distortion, the veloci-
ties in the incompressible and compressible cases may be 
placed in correspondence as follows: 

(log q ) = (log q - 2	 )c 

1 
-T 

qi = qe	 (14.2)
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This result implies that the complex variable 

o + ilog q - PT) in the compressible case corresponds 

to the complex variable 0 + i log q in the incompres-
sible case. Equation (42) represents the approximation 
of Temple and Yarwood discussed in part I. 

Consider now the functions Qk and D	 insofar as 
large values of the index k are concerned. It is 
recalled that, as the index k 

Rk ---- S

- 

and that

log	 log Pk 

—3 log q + h(T) 

where

h(T) = f (T) = g(-r) 

Then, as k

[qe()]' 

The function h(T) is expressed in integral form in 
equation (LO) and has been evaluated and tabulated in 
part I. (See also table L and fig. L. of the present 
paper.) The correspondence of velocities in the incom-
pressible and the compressible case is given by 

q1 = q0h(T)	
(3)
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Equation (43) constitutes the geometric-mean velocity 
correction formula introduced in part I and is limited 
to the subsonic range 0	 M	 1. It is observed that,
for positive values of k, h(T) lies between fk(T) 

and g1 (T) in magnitude. Moreover, the deviation of 

 1 (1) 

eh(T)  from e	 and e	 is quite small in the
subsonic range. (See table 6.) 

The foregoing remarks, together with the fact that 
the geometric-mean type of approximation contains the 
results of Chaplygin, von Krma'n and Tsien, Temple and 
Yarwood, and in the limiting case of small disturbances 
to the main flow the exact Prendtl-Glauert rule, lead: 
to the suggestion that it may be adopted as an over-all 
type of approximation in the subsonic range. 

Flow Patterns Corresponding to the Particular Solutions 

Before the flow patterns corresponding to the par-
ticular solutions	 and ''k given by equations (1) 
for the compressible case are discussed, it is instruc-
tive to examine the incompressible case. Consider the 
complex velocity potential 

= 0 + i'1' 

= Uz n
	

(L4) 

where U and. n are constants and z = x + iy. It is 

well known that, if n = E where a is an angle between 
cL o and 21r, equation (44) represents the flow in a sharp 

angle. For example, the flow inside a right angle is 
obtained with n 2 and the flow outside a right angle 

is obtained with ii	 -. Again, the value n	 1 or 

CL = ir corresponds to a uniform flow and the value n = 
or a 2ir corresponds to the flow around a semi-
infinite line. Clearly, all the angle flows are obtained 
with values of n between 1/2 and co. Other types of 
flows are given by other values of n. For example, 
n = -1 corresponds to a doublet and the remaining



NACA ARR No. L14 129	 27 

negative integers are associated with singularities of 
higher order then the doublet. In addition to the flows 
described by the powers zn P there are the two funda-
mental flows, the source and the vortex, associated with 
the function log z. If, now, it is desired to obtain 
C.) 	 for the compressible case of the fore- 
going particular flows, the procedure is first to express 

or i4J for the incompressible flow as a function of 
the hodograph variables q and 6 and then to replace 
q1 by k or Q., respectively. Several examples will 
best illustrate this procedure: 

(1) Consider the com pressible generalization of the 
angle flows. By means of the relation 

dQ - 
dz 

where w = e + i log q, the hodograph complex variable w 
-	 is introduced as inde .pendent variable in piece of z. 

From equation (14)

dQ	 n-i 
- = nTJz 
dz

= eW 

Hence

Z = _______(
e-iw)

 

n-1 

(Un) 

and

n
-I 

TJ	

(e-A-w)n- 
--
U  

n-i 
(Un)
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Then

= -	 qT sin	 B 

(Un) 

If	 is replaced. by k, the compressible generali-



zation of the angle flows is given by 

'ok= -
	

k in kB	 (45)

(U 

The inside angle flows are given by values of k in the 
range 1 < k <	 and the outside angle flows, by values 
of k in the range 1	 -k < co . For example, k = 2 
for the flow inside a right angle, and k 	 -2 for the
flow outside a right angle. Other types of flow are 
given by values of k in the range -1 < Ic 	 1. 

The case k = 1 or n = ±c IS exceptional and, in 
fact, corresponds to the incompressible flow 

eCZ 

where c is a constant. 

(2) Consider the compressible generalization of the 
doublet. The complex velocity potential for the incom-
pressible doublet at the origin is 

z 

The reflected-velocity vector is 

dQ_ 
dz

= e_IW
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Hence

iw 
z=ie 

and

1. - 1W 
= -e 

The stresm function for the incompressible doublet is 
then given by

1 
2 \fr =-q cos 

The compressible generalization of the doublet is 
therefore

Q1/2 Cos 2 
1 

() Consider the compressible generalization of the 
source. The complex velocity potential for a unit source 
at the origin is

= log z 

The reflected-velocity vector is 

dQ_i 

e 

Hence

z = 

-	 and

0 = iw
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The velocity potential for the incompressible source is 

0 = - log q 

:]The compressible generalization of the source is then 
given by

ø'O = - Po 

(L) Consider the compressible generalization of a 
point vortex. The complex velocity potential for a 
vortex of unit strength at the origin is 

= - i log z 

The reflected-velocity vector is 

d2_	 t 

dz	 Z 

Tie no e

z = 

and, except for an additive constant, 

The stream function for the incompressible vortex is 

log q 

The compressible generalization of the vortex is then 
giver by 

Zr' 
1

1110= Qo
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Transformation from the Hodograph 

to the Physical Variables 

Given the velocity potential 0 and he stream 
function ii in terms of the hodogreph veriables U 
and q, it is possible to express the coordinates x 
and y of the physical plane in terms of U and q. 

From the basic flow equations 

- p. 0 a 
ax	 p ày 

aO = 	 P. 0 64i 

ày	 p 

it follows (see e q uation (6) of reference 1) that 

dz = L e 10 (dø + E.g. d) 
The real and imaginary parts of this equation yield 

dx	 cos 0 -	 sin e) d  
oq 

+ 
(Too cose -	 sin e) de]

(24:7) 

dy =	 sin 0 +
R

à\II 
COS e) dq 

q	 ^7q p 6q

+	 sin e +	 cos e) dej 
P ae 

Equations (47) relate the differential line elements in 
the physical x, y plane and the hodograph e, q plane. 
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When expressions for 	 and i as functions of 0 
and q are known for a given flow, the integrals of 
equations (47) are the equations of transformation of 
the B, q to the x, y coordinates. It may be remarked 
that the hodograph flow equations (1) are the intera-
bility conditions for the differential equations (7). 
The right-hand sides of equations (47) are therefore 
perfect differentials. 

Consider one set of particular solutions from equa-
tions (Lj)

	

0	 P(q) cos kO 

- Q( q ) sin kO 

where k ±1 and k = 0 areexcluded. By the use of 
equations (5), it can easily be verified that 

1
(Pk	

Qk)Xk __ 	 k+l 

+	 ^	 cos(k - 1)91 
q	 pq kj	 k I -j 

+ Constant

k	
-	

\ sin(k + 1)9 
pq k)	 k+l 

"\sin(k--

	

\\q	 k)

()8) 

+ Constant 

The equations of transformation corresponding to the 
other set of particular solutions from equations (Lb ) are 
obtained by replacing in equations (48) the cosine by 
the sine and the sine by the negative cosine. 

The excluded cases k 0 and k ±1 are now 
treated. For k	 0, one set of particular solutions 
corresponds to a source and is



NACA ARR No. 14I29

.LO 

= 0 

Equations (47) then yield 

	

=	 co 0 
pq 

Y = 
p0
 sin 8-

The other set of particular solutions corresponds to a 
vortex and is

= e 

1 110 = Qo 

Equations	 7) then yield

1 = Sin 0 

	

y =	
1 

- - cos e
q 

For k	 1 with

01 = F 1 cos 0 

=	 Q1 sin e 

equations (47) yield

1 !(L dP, + ,p o dQ,, 
dq -	

Xl = (_

 P o- Q1COS 29 + • 
4q	 pq	 /

tj CI dq	 pqdq )
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L p LoYl( Q1)Sth28(+)9

With the use of equations (15) and (5), 

	

1 r	 1 -(1 - T)	 1 
1--	 cos 2O+ log q 

(p + 1)(l - T)PJ 

-	 1213+1[	 1 
g() -	

•+ ' L' - T)	 j 

T )P+1 1 
=	 1 -	

-	
sIn 29 - 9 

	

L	 (t + 1)T(1 - 
where g(T) = g0 (T) by equation (9) and is evaluated 
in part I (reference 1). 

For k = 1 with

= P1 Sin 8 

=Q,cos e 

l(lT)P+h1 
1-

	

	 Isin 28+8 
(p + 1)T(1 - T)J 

	

1 [	 1 - (1 - T)
—cos 28+ log q 

	

L	 ( + 1)T(1 -i) 

-	 g(T) -	 + 1	 1	
- 1 

p + 1	 2 P + 1 [ci - +) 
P]

(L9) 

(50) 
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For k = -1 with 

0.-i = P_ i cos 9 

= Q_ i sin 9 

e quations (7) yield 

X-

= (—+ 

_Li)C0S 29 +	 r(zi	 QdQl\dq 
]	 J	 q	 pq /	 2j \\q dq	 pq dq ,J 

\ q	 pq /	 2 q	 pq -1) Y- sin 29 

With the use of equations (16) and (5), 

-. 1	 (1+T)1 cos 29 

q2 L ± 1 (1 T )	 J 
1	 __ + ---s- log q +	 ------:- g(T) 

-'	 2 + 

+ 33+2	 _	 - i-i 
S O + 1) P a. 2 [(1 - T)	 J	 (51) 

irP+12 -1	
- p- (1+T)l sin 20 

q2 
	 (1T)	 Pi	 J 

+	 1_a

4a0
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For k = -1 with

	

= -	 sin 0 

'if _i = Q_l Cos 9 

1 ____	 1  

7q -	 +l 71-T)1 
( l^ P T )J sin 29 

_19 

-	 i[+2	 1	 -	 (1+T)]cos 29 
q2 +1 (1 -^- T	 P +l 

+_1 log q+ 32	 g(T) 
a0 2	 + 

+ 3+2 2+1
	 1 

8( + 1) Pa 2 	 -
 

Ringleb (reference 2) gives an example of the flow 
of a compressible fluid around a semi-infinite line. An 

examination of Ring1ebs stream function 'if =	 sin 
shows that it is a linear combination of 'IJ	 and 'f• 
that 1$,

1     

(52) 
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In fact, all the external angle flows (i 1 -k <	 are
nonunique; for, in view of the discussion preceding 
equation (11), a general form of '1k is 

q_k [A'k 
Yk ( T ) +	 sin 

where A is an arbitrary constant. 

Observations on Limit Lines 

In the present section there are reviewed briefly 
certain conditions, discussed by Toilmien (reference 9) 
and Ringleb (reference 10), with regard to possible limi-
tations on the potential flow of an adiabatic compres-
sible fluid. 

Consider the family of streamlines 

Constant 

Then along a streamline 

d\V	 -Ldc? +Ldq=O 

and, from equations (17), the line elements along a 
streamline are 

dx =	 [M2 -1) ,) 2
	

dq

(53) 

dy =	 -	 -	

:: dq 

Singular points along a streamline are characterized by 
the vanishing of the common factor of equations (53):
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Q
 2 - 1(2 -. l)(2	 .3 
q)

(514) 

.L

ir ce 

Ob s 
the 

q 
by 

(Stagnation points at which 	 and 

vortex for which	 = 0 and the so 

are excluded from this discussion.) 
equations (47) that the Jacobian of 
from the hodograph variables 8 and 
plane variables x and y is given

vanish,, the 

for which	 = 0, 

rve now from 
transformation 
to the physical-

=)
 

p q 2	 B q 

I-. 

= 1 (P	
\
(2 - 1M2	

')(2j 
(55) q\pI I1 

L. 

Thus, the vanishing of the Jacobian is equivalent to the 
condition for the existence of a singular locus for the 
family of streamlines

(e,q) = Constant 

This singular locus consists of points at which the 
streamlines undergo an abrupt change of curvature and 

dq means, physically, that the acceleration qof a 
fluid particle is infinite at such points. ds 

Both Ringieb and Toilmien. have shown that the 
singular locus for the streamliies is also the envelope 
of the Mach lines in the plane of flow. The Mach lines 
are related to the streamlines in such a way that the 
component of the fluid velocity normal to a Mach line is 
equal to the local velocity of sound. The Mach lines 
are identical with the so-called characteristic curves 
of the second-order partial differential equations 
for 0 and i and are the integral curves of the ordi-
nary differential equation
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dO2 -	 (M2 - 1)dq20 

or

	

dO=±J_ldq	 (56) 

The real solutions of this differential equation inter-
preted in the physical x, y plane yield the Mach lines 
for a given flow. The solution of equation (56) is 

i	 1 i o -	 ± - tan	 - 1) - tan	 - I	 (57) J 
where Ts = -- and where 0. assumes the values 

of 0 along the M = 1 line for a given flow. 

It is recalled that the function 

H = log q + 11(T) 

introduced in part I refe'ence 1) in connection with 
the geometric-mean type of velocity correction formula, 
is a solution of the differortial equation 

/	 0 -	 - = ± ---- ctq 
q 

in the subsonic range. Observe that a continuation of 
the function H into the supersonic range is given by 
equation (() as

d  = ±	 - dq 
q 

In the supersonic range, the function H = 0 - 0 0 can 

thus be interpreted as the hodograph of the Mach lines 
for a given flow.



40
	

NACA ARR No. LL1129 

The differential line elements dx	 and	 dy for the 
Mach lines in the physical plane are now given. From 
equations	 (47) and (56),	 the line elements along a Mach 
line for a given flow are 

dx cos O-sin e)(±2_i VI)dqL
(58) 

dy sin 8+008 8±1 d 
pq

qJ

Singular points along a Mach line are characterized by 
the vanishing of the common factor of equations (58)

- i=o	 (59) 

Equation (59) represents in-the plane of flow two pos-
sible singular loci or 'limit lines' for the two families 
of Mach lines associated with the plus and minus signs 
in equation (56). Clearly, the two singular loci cannot 
occur simultaneously since the two conditions cannot be 
satisfied simultaneously. Observe that equation (59) is 
equivalent to the vanishing of the Jacobian given in 
equations (55) . Thus, the vanishing of the Jacobian is 
not only the condition for the existence of a singular 
(cusp) locus for the streamlines but also the condition 
for the existence of a limit line (envelope) for the 
Mach lines. 

The existence of a singular locus may be looked upon 
as being equivalent to the vanishing along a curve of 

the Jacobian J(L	 of the transformation from the 
, q 

hodograph-plane variables 8 and q to the physical-
plane variables x and y. It is remarked that 

singular solutions exist for which the Jacobian
x q) ,y 

of the transformation from the physical-plane variables x 
and y to the hodograph-plane variables 8 and q 
vanishes identically in a region of the physical plane. 
In this case, as Tolimien pointed out, 0 and q are 
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no longer independent variables and the flow cannot be 
described in the hodograph plane. Examples of these 
Umissed flows" are the solutions of Meyer (reference 11) 
for supersonic flow inside and outside sharp angles. 

It is of special interest to apply the condition 
for the vanishing of the Jacobian to the particular 
solutions Vk and	 k treated in the early part of 
this paper. The expression for the Jacobian for a 
particular solution

—P k cos kG 

lJk =	 sin kG 

is, with the use of equations (5), for k ' 0, 

- j — aQ.	 au; - àØ àt' 
p q 2 àG àq	 àq àe' 

-	 =[Pk2 siri2k8 + (P) 2(2)	 2 cos2i	 (60) 

Clearly, this expression for J is positive in the sub-
sonic range M < 1. At the sonic value M = 1, Pk / 
(see table following equation (23)) and J is again 
positive. At the first zero of P 	 in the supersonic 
range M > 1, Q1, ' 0; hence, J is negative. The 
values of lvi, for all the pairs of values 6. M for 
which the Jacobian J vanishes, therefore lie between 
M = 1 and the value of M at the first zero of 

(or SO in the supersonic range. 

By means of the relation 

Pk= 
PO



pairs 
x,y 

flow 

Dn (61 
M at

of values e, M, 
plane constitute 

'k	
4 rj.	 The 

accordingly lie 
the first zero 
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the vanishing of the Jacobian yields 

cot ke 1	 (61) 

Equation (61) is the relation for 
which interpreted in the physical 
the limit line for the particular 

values of M that satisfy equati 
between M = 1 and the value of 
Of Sk in the supersonic range. 

This paper is closed with the following remarks on 
limiting values of M in connection with the use of 
velocity correction formulas. The limiting local values 
of lvi in the case of uniform flow past a prescribed 
boundary, in general, depend on shape parameters. The 
use of a velocity corre:.ctlon formula, however, yields a 
constant limiting va1u of M: that depends only on the 
particular correction formula used. The geometric-mean 
correction formula yie.ld th—e. \t1ue M = 1; the approxi-
mation of Temple and Yarwood yields M 1.35; and the 
arithmetic-mean correction formula given in part I 
(reference 1), which is based on a linear combination of 
a source (limiting value M = 1) and a vortex (limiting 
value M =	 or a spiral flow, yields the value M = 1.15. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va.



NACA ARU No. L1.i 12 9
	

43 

REFERENCES 

1. Garrick, I. E., and Kaplan, Carl: On the Flow of a 
Compressible Fluid by the Hodograph Method. 
I - Unification and Extension of Present-Day 
Results. MACA ACR No. LC24, 194.. (Classification 
changed to Restricted, Oct. 1944.) 

2. Ringleb, Friedrich: Exakte L5sungen der Differential-
gleichungen einer adiabatischen Gasstrdmung. 
Z.f.a.M.M., Bd. 20, Heft L, Aug. 1 94 0 , pp . 185-198 
(available as British Air Ministry Translation 
No. 1609). 

3. Chaplygin, S. A. : On Gas Jets. (Text in Russian.) 
Sci. Ann., Moscow Imperial Univ., Math.-Phys. Sec., 
vol. 21, 190L1, pp. 1-121 (available as NACA TM 
No • 1 ()6 3, l944). 

4. Bers, L:Lpman, and Gelbart, Abe: On a Class of Dif-
ferential Equations in Mechanics of Continua. 
Quarterly Arpi. Math., VOl. I, no. 2, July 1 943.,
pp . 168-188. 

5. Bergman, Stefan: The Hodograph Method in the Theory 
of Compressible Fluid. Advanced Iistruction and 
Research in Mechanics, Brown Univ., Summer 1942. 

6. von Karrna'n, Th.: Compressibility Effects in Aero-
dnarnics. Jour. Aero. Sci., vol. 3, no. 9, 
July 1941, op. 337-356. 

7. Hurwitz, Adolf: Mathematische Werke. Bd. 1 - 
FunktionentheOrio. Emil Birkhuseri. Cie. 
(Basel), 1932, op. 314-320 and 652-654. 

8. Tsien, Hsue-Shen: Two-Dimensional Subsonic Flow of 
Compressible Fluids. Jour. Aero. Sd., Vol. 6, 
no, 10, Aug. 1939, po. 399-1407. 

9. Tollmien, W.: Grenzlinienadiabatischer POtential 
strrnungen. Z.f.a.M.M., 3d. 21, Heft 3, June 1941, 
pp. 140-152. 

10. Ringleb, Friedrich: Uber die Differentialgleichungen 
einer adiabatischen Gasstrbthung und den Strmungs-
stoss. Deutsche Mathematik, Jahrg. 5, Heft 5, 
1940, pp. 377-3b4.



NACA ARE No. Iii.129 

IL Meyer, Th.: Uber zweiimnsione1e Bewegungsvorgnge 
in elnem Gas, das mit Uberschallgeschwindigkeit 
sti-'bmt. Forschungsarbeiten a. d. Geb. d. 
T.ngenieurwesens, Heft 62, VDI-Verlag . G.m.b.H. 
(Berlin), 1908, pp. 31-67. 

12 Kraft, Hans, and Dibble, Charles G.: Some Two-
Dimensional Adiabatic Compressible Flow patterns. 
Jour. Aero. Sci., vol. 11, no. 14 , Oct. 191414, 
pp . 283-298. 

This reference, which has appeared since the present 
paper was submitted for publication, contains 
graphical flow patterns associated with the 
particular solutions of index k = ±, + 3 

P and ±2.



O4	 0c'JCN 
If' 
I

NO,(\Ir'0	 .If'It\.4 
H IfN$\H K',aa,f'N 'ON 0sNN4H	 U O'OK"M'ON 0 N,(\SH O\0 U-H 

UO I4U\	 Ir'O 0 ('JO 0IfS 0sH 
>

'-0 00 .4cJ.	 Ir.O	 H.z	 0 iU'	 H4'.O(O H	 -..t t-0'N iCO (4'O	 K\	 N'.0 CIJ'-O'.O 

.-1 H H H H N N N NKsNN\_zt..4_Zt J' ,.rUsUS'O '.0'O t----- 	 U)	 NO If\.ZtN	 4	 -0	 C 

If'
p(\cj C-,Js0 ,(-cO c,..0 I( KlN	 dO N .0)

I4.-I NO t-H tr.0_4K	 o	 0.4.-I'0 ac7'H...	 ,et---0'.O N	 NO N-PC	 N H 0U 
IF'H 0 (0'D 0 H 14\N H	 H u0 .-4 (-	 a'14\'O 0	 0)'O ,C tK?-0	 H Nt-I(\N 

CO 0 tr,J- H os'J USN 0 C 
0)'O IrxaN N-N'D - N O NN'O0)O- 0) O 

'ON N$) IC'	 0 K\ N 0) N K\Us0 NN'O .-I as 
a'NIrsN N-

 NO Ira) a) LtN'.O NthrN' O-	 CO I4'CON U' 
O) H Ira) N

I
0 K'CO'O NU\N\I(\I4 
00 0.-IN prIf"ON

- 
CO ososOO .-4 HNN N N	 K'II(\K\N H000SOH0) USN H 

HHHHHHHHHH HHHNNNNC'JNC'J NNNNNNNNN('J NNHHHH	 I I	 IH	 4 

H (s0 NPCO5'O 
t\dN-If'N NCO H H

a'0O O5O0'O s N N-H It\H000 PN,'O
0'0O) .4 N NKN-N N 
'0 HN O\0 irs4'Oa) H

NINNCO asH N'0 -N 0'0-O 
N CNN 00 N\ 0"O	 ,C5H IS-. 

It'N-.CO Ir 'O NJ U'If'. I(\0'O pCH 
N

so'0 N NH00)0) N- 
0 N'0 H a'M4O N N-N

'0000) N-0 U10 its N-CSH pe,its(-sa'O H 
it'	 U5Ir.-O'O

K\0 UO H H CNIC\NO N K t'pt'K'iK\N 0 
'0 '0 O0'0

N-K'	 N L1'CO Or Ift'N N N , HO Os
tr-,sO'0 Na) N-O LF 

I 000 H H N NJ K'C5 
HHHHHHHHHH HHHHHHHHHH H HHHHHHHHH HHHHHHHHH 

N
N-NK\0 KH t'4t'N-N HO HOLtSOKSOSOO 
LS"N	 O ('4 OO QSKSN NS

CS'I asH NO N-C KS '0 H.rsNC'J 0 U50'0 0 
O'NN N OsOsCNN-O N-as.I(\'ONJ	 0 
0 NJ	 itsLt'USt'J N N	 (sO) H ,t'4 iS"OsNJ O'O 0) 05HC'J KSU5NCO Os

00 N N H N-COO)	 O 
KSNU'0 U N-.z'-0 KSNO N UH O H H HO	 \0N

NHZtN O'0'0 NO) 
'0(0 O\CNN 0KS0N- 

I ON iAO'O Qstt'N-N'0 
O.-4 H H	 N IK\

H KSUN-0sH K5Lr'N If1t'If' 0'O'0 NNNNNOO'00'0 Usitsit'It 
4 0 0	 N 

HHH.IHHHHHH HHHHHHHHH H H HHHHHHHHH HHHHHHHHHH HHHHH 

it'
H NJ O	 OH N sOs0 
Na)NJ.-O Q5HH OH$'SIt'-.C'J

H	 N-N NO Qs	 ±'005N W	 USN NJ 
0	 0HK0NJ-.	 NJ-KSN NCOH 
(ysH	 OCOO.-IHN c4	 N NJHH 0qsN-NN- 

KSKSIt'N

050 0Os'0'0 as-.o' 
I(\4NHCO 0 NO HOs 
0NK\dKt'HOO)f' N H 0 0'CO N-0 USPC\N

KSz50 NO -H 050S NSHOs'0 H 00) 
H 0 H KStrst-(0 a-O H N N KSKS KSK-.- HHHHH.-IHHHH ,.4HHH,-4HH .IHH H,.4.-I0000000 OQa'asO" 

I 0000000HHH 
HHHHHHHHHH HHHHHH.4HH H HHHHHHHHHH HHHHHHHHHH 14 14 

H
CNN NO)'D N.th0) N-N D'0N 0 KSHN'DN 
N O5HN'0'O C-a) CNH

 .00)-.rtCO ifs N 
O)'0N	 KSU5O 
cm co 	 (('H NasO)

('0) NO NOSO ((SN-N CX) HN-O) y-,O a-CO N N N-H ifsosrr,0 1(50505 H

1(50 H 050 CNNCN'0 (,co Q-.00)'0 H HNO Co'C.N ((--O KSOO KSif'U0 N-N-CO Os

Os N- HO ra)COUS 
osOsO OH 

I 00 NJ KS1t5'O NO) QsH NJ N	 '0 rIHHHHHHHHH
N-N(00)CO (NO 00 HHH,-4.-4HNNNJNJ

N NNNJNNNNNN" C'JNKS(t'It' 
i1 000000000H 

HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH H,4HH4HHHHH HHHHH 

— (f'N-KsCX) K\CX) N ir0)50 1(5
Os N- Ot'H 00)0 NO 05

,t'osONOs-ztN
os 0 N H0)KS'04Ott'

•
U	 N-M

-oa
COK\(7, so a'tesO O1-N-0sH NOpNO CNH'OOMSGS H H N NN o00O0 K'..dUS'O'.O C-COO) Os a-o OHH

O 00 H H N 	 If' Ifs 000
'..0 '.O N-NCO0)0)CO 050500 000 00000 OHHHHH$ HH.4HHHHHHH HNNJNN 

HHHHHHHHHH HHHHH..IHHHH HHHHHHIHHH HHHHHHHHH 
—

50 (('H H'O'O N sas4 KS (SN	 NSOc))	 0-CO (('N Os'OO .1'O its'0 CX) 00(0 KSKS 
(7s'O_O NJt-gX 

KSt't'N5 N NN N NNNHHH HH H0000 00 0 0000 Q'a- t'I('(' 
0 

— - -ON H'0 CNONKSLt' -COCsOtfSH it'
Ifst'-Lt'N Q5OSOKSO'0
NJ itsH	 CO H Irt0 Os?r\

_NN if'NKSOKSt"0
0 OsO KS	 -c(s5OIf' .- H Nit'N OSNOSN

osKS HSO ('N OH N NSO 1(5S
(NSH N 1(505 0 O it't'KS'-O 0 ((sHO)

,CsOH OO- ISH'O OH N t-C--0H 
L ' 

• 
KS

H itsO NN'0 CNN- Os'O N NO NKSOS'O N 
OsC	 COO) NN-'0'O'-O

N-CO OH I0O) H N 
CO SO Lrs pC'sH OsN-NIf'- KS HO a' -'0-.KSN Os KSt'KSN

'0N OQ)'.0 ((SPISN 0 N N NN HH.-I HH H
050) C--sO'O 
00000 

0 

— CO CON NO)'O	 Ira) N4CO ItCO'O (Si t-ttsN-
N.d'O H H NKSNJ'CCO 0 HNKSN-iCO N- 
C--SO U	 'USLt'NCO 0 KS CO pt'Qs'O ((sit'N NO) KS 

0CC) 50USKSN H OW N-N
0 N KSCNO'N itsusO 

CO pc 1 sUSHCO'O KS0 N- NHO 0 ON (('aSKS
'Oos'0 
N'0 Os Q5USC'J H 

It' 
•

N its50 N-N KSUSIt'OO)
O w OsN--.d	 USO NH

N-N C-NJ N-N N-H co t-"%('  H QSO'COO IFSZtNSCtJ H OCO'O U5 p4\ 
Lt

O0)'ON OO)'0KS 
KSPt'NJ N N N

H 0 osO) N C'J H H H 
CNCNCNO'°)0) N-N-N- 'O'O'0'O'O'O UsususLrs 

NJ 	 PC-CO 
-,=—H

 
O pt'titO	 COCO

N-.H'O O50Pt'N '0 ((sC-OsO N t45iAth\i 0 H tCsON(('N 0550HH

O)O)zt0) OsN1(SMSH 
osCOCO OsO	 NO Os 
0000 HH'ON NJK'S05

0)50 OH HO CNN-N 
.zfNCO'0 N'0 N-NL(SO 
NIt\zJ1t'50O)Hit'O

0 0-CO U"N- - 1(\N Qs't'KS USHNII'K\ 
NJ  

it'O'OztIrs-dHCO PC-CO 
MAR 

0550 .ZtKSH 0 a'C--0'0 ((' pt'NJ HO (pCO'0 II5H it' (('itsIf' US
OsN-tt'K\H ((sN'0.Pt' zfPt'KS KSK\K5

.4 00) C-SO 
KS KSNJ N N 

'l s a'CNa-'O CO COO) N-C- N-N N-t-sO'O'0'O'O'0 'O'0'O'0 ((S 

N ('JO if'O'005 0 a'C-Lr'IISO N--O -.N 0 CO'O If	 tU..O KS t 45O)CO pCs. O .-IO) 005 
NKSLtODH(('CNKSC5d

N HCOIt'KSN 
its • H

N '0USN-KSPC\NCNHNN 
CN0)'0H CNN5ON Os 0505050-COCOa) 0)0)

KSNNNNNHN-CNH 0 a-CO N50 U\KSN NJ 
0) C-N NC--C--N-N-N N

',4'79s0
	 ON 00)0 H 

  sCCO) -.ONJ N L-4 5050'O50'O'O'O
OO)'0KSH -0)'0 115 
sitt'tt'itIr-C--

.N4 H 0(75 -N 

- • H (Si 0s4C0H-O'0H (('H 0(00) NC)) KSPC'05
osNCO U 0 1(50 OCOSO 
00 0-CO'0N M5'O 
5OasH-N-O KS00)

pts H osCOCO 05It5I(SUSKS 
COO H KSUSNH Ira) N 
N NH US(NKSUS'O 050

N LtsSO ursIrCOUSO H co .-I C--50C) KSNO Os NJ ((sISSN a'N-It'KSN 0 H

N0).L('O H N-NO C-- 0 QS0500 00) NC-SO - -
NOCO H H 00)50 NSQS 0 CNN- OsO5N-SO-.MSH '0ltsIrsI4SKSN NiH 0 0 Os0-CO NC--SO IrsUSKS NO oCO'O USKSN NN'O'O'O'O'O'O'0'O 'OU.SLSSLtsI(' H 0)0)0)0)0)0)0)0)0)0) 0)

- 0 - 
- USLfSC'jItCOKSH'0 K\Lt S 

NO 00) NH H NH N
'OUSHNJ Ha)N H O5'0 NJO)05If5H'ON HN 
H U'OS N tt'N0 It'	 KSKSN j N'O H H\0

HO OKSCNO'0 NU'O N CYSN'0'O CNN NKS Ira) H tC-CON'O

H CNtf5N-Lt' 
pt'rjSfl P450 OX0) pCsO) 

Ifs 
•

s	 (('CNN'O 05 CO itsOOO N'O ((SUKS CN0'(CO
NCO-.H C--K\OCO f'N 
((SN N N H H H 000

a'50 N-SO NCNit'N.- 
- CN05C5CNO)0) NNN-'O NO5N - ((\P45N ('4 H 000' ) 00)00

a'O) N-N-SO 
C- C-  N-

 

 - 0000 0000 0) 00 00 00 
S

- OO)HN it*-ON (('N O (7550 050 OH CNN H
CON'0 OsHNOICSKSN	 IfsCN1t'U0NN0O 
4CONJ f-H 5'OHSO (SJO) . .SfHO)USHO)50H 

('4 USH'0 N N-KS 0s4O CNNK50) (450550 N Q'50
NKHN-.t'NO' 50H'0 ON-SirSO (('NO) N NH'0 04CO N'O 05

0 Ir(0O) 
NJ ((SN 0s- p4550 a'H H K5 • p

N N-N-H NNNN 05 H 0 OH Ks.Ifs'O C-COO H H N KSK\It'Lr"0'0 N C-COO) 050 OH ('4 KS its'0O) 0sH N KSU"O N- 
NNNNKSKSKSKSKSKS

as KS-. 
000000000H HHHHHHHHH H •	 ................... .HHH.HHN-JNJNOJNJ * 
O	 •• 

it	 ts	 its	 csjUsN-	 (SI tt*0 co 0 (SJ 50O) ON ira) 01(5	 0 iSsO if'O itsO ('0 Us 
00	 HHNN KSlC\t'	 N-N

0 ((sO 1(50 0)O)(Ts(N0 
H NJI('s 1t5-O50 C--C--O)O)O)(OO\O50S0O 5 0 

.-
(0	 '!.l

H.HHHHHH HHHHN 
0

U.. 

I 

NACA ARR No. L4129
	

45 



46	 NACA ARR No. L4129 

j 

Mu

GsOtCJ ""D0 0 Pe	 N at-.uO 0 I	 I	 I	 S	 S	 S	 S	 I	 S	 I I	 I	 I	 I	 I	 S	 I	 I	 S	 I 
I	 I

U	 S	 I	 I	 U 
I	 I	 S	 S	 I 

8 
, 0 

0HOH 
_c-,-'o'O u'0 o'4.-1 

`0 
u'0

0Hr-HcyN00 
0 u Otr'cN -

,COI, 
a. 

0(-HO
I	 S	 I	 S	 I	 I	 5	 I	 5	 5 
I	 r	 I	 I	 I	 I	 I	 I	 U	 S S	 S	 I	 I	 I	 I	 I	 I	 S I

5	 5	 5	 I	 S	 I	 5	 I 
S	 I	 I	 I	 S	 I	 U	 S	 U	 I 
S	 I	 S	 S	 I	 S	 S	 S	 I	 I

I	 U	 U	 I	 I 
I	 I	 I	 I	 I 

a'0so•.c'	 LD '0 tU\._d,(\I((\i	 l I	 U	 I	 U	 I	 I	 U	 I	 S	 S I	 S	 U	 I	 I	 I	 I	 S	 I	 S U	 $	 I	 I	 S 

o 0
SIU-IIISUSS 5555511Il

555.5	 $5111	 I 
u,SIISUIIS

11115 
S_ISIS 

O.'0 \1 N H QNV 
o a'O a'.-o'r'Q U

s(O U\Uc5 CU 0O 
U'O	 Hzf'0 C\J

sO O-I oo.cj acJ 0\ 
QNU)	 0 N	 -O	 o 

N -$	 ri H	 N'.
t-O 
N 

tr. u'.ocz, c.j	 -i 4Noto irsO N'.'Oc0 o. C- Os0cO- ttsir 
U) 0st-.tsH	 -I).1-o 'OICsrICO'O N50 0\t'-U's N O  N'.ItSGsU'.CU N\O ON'.N'0 0 

NtC- ZK\N'.N'.NCU H,IO 0 H 0N irs 
o I	 I	 U	 U	 I	 S	 S H .-4 H 

-	 III
H C5J N KLI'. 
till	 U 

o t-t-	 C-tes.ztttsCsJ N ur\H	 cst-o 'csJcO N'.w sC-00)	 U'. c\I H	 0	 O t-N'0'0  
H U'. 0 Q'	 U'.OS('J0) C-QsKs 

tC-Lr'O K'.
O LS'	 SCSH 0	 0 C- 

N .1 aO N'.O'-N'.N'.'-4 5-'N CU UN 
0C-4 C-N U.O asO

0 CU 0	 sI(\Q 
t-O ,4 C-C-N KsoCJ H '1'04 H K'.C- C- 

K'. 
'

o'.t-ItsH C-Ha) irl 
O\O\0S0a)0)0) C-C-C-

C-it'N 00) U'.ICSN 00) 
'O' 0'O'0	 LC'U\

It'WSH	 O..0s0 pC- 
SISPCSICSN cg -s

i,.c\i'0	 KSK'.I(\U"C- 
000 H N sCsu'.0 C-

QK'.C-K'.Os 
0)0 H K 

0 ,ss.susS' 1-5.-s.-. 
IS	 I'S 

U'.
0 H C-N K\K\O0)'OcO 
OOONitsfsH N 0.

itH OH '(SN P(sastr-0 
Ii'.PCSC-50 0\ .O O-

HTSJ C-C-K\its0) U'.0 
sH	 H

SCsO trl.00) u'.O'0'O- 
()\i('0) "' t-0O\K'.

H 0 .-5 U'. U'. 
H N 

1(50 U50 Li'.0H DC-H N'.K\K'.N 00)1(550C-0) -)0)50H0) i-I H OsttsO\'0 U	 OSN0) U'.M'.O4 CU-1 
-N a-a) U\N C-N (yU'.N CO50_N 0 C-1S'.C%J 0 CO50N 00) 1f'N a-- CC H u'O C-d-HCOSO K'. H O-C-U'K'. 
U) N\K'sS(sNN HHO00HNNPC5 ir'1(5'.0C--0) 

0 •	 $	 1111:11 I'S	 I	 I	 I, 

OQ-jt0 L(SU'. 
00 ('J'O U'.0 N NO C-

((5050 K\C%JH ICSH OS 
teo'.0'.0 C-C-N 1(1

0 O\PC'	 irsirsO HSO 
N OSN'NCC I(SNO) C 
C-CC OO H N N K\I(\N H

IsN H H H C-p(0 U505 
as'-O NCC	 *CU'. t-O\S(	 U'. 

0'.00- 
(SJ 

0)
U'.O ttsO50 H K'.IeiHsO 
050) (('N C-11N Os' N 
050'050'CC CO CO C--C-

O
C-

0-H H N HO osO N'.trs 
05	 CU 
'0 \0'O'.0'O U'.tfsir\U'SU'.

0CC t-its,CsHCX) i(S5 
ir	 K'. pc\,cscsj

-K	 HK\N H H H 
N C-Hsb 0 r.H C-SCsOs 
NH HO 00 H '-(N N

H CU K'.K\K5 
Lt\H r-pesQs 

0 - ..	 • .	 55115 IS	 I	 I 

1(5 0-C-CCCO U'.CSJ'0 U'. co C--0 (('C-N (v OH N 
00 K'.HCO asc,sOsO\H	 u'.'-0 MID ((SH K'ISCSH P. -

H O.-4 0'O 0.-S 
H K'.I(\N a-050 0 K'.

'(seC-it-CC t-Lr'CC HS 
050500500 -05'.0 0

'O'O N C-K'. 
H C-CC Cii 0 

H liSo '('H C-N ((-C ((SM'. 
a- CC L(N C-1(5Na	 IC-'

0) ON ,C-SU'.LrSC-H 
a-O50N 00) C-SD

CO .-LC-OSN U'.OSH U'. 
C H or.-s	 C-N

CC Nt'-C 0\HSO-N 0 
t-,	 K-0))O (('0 U'.

C-N'sOSIrsO 
05CC IC-CC •

0) O'osasO.ODOJCO C-C--C- s00sO'Os0'O IriIrsl(\t(5 IC\SC\t(S N N H H 0000 ,SH H N N 5(5K'. 
O	 - --	 -	 - -	 U	 I	 S	 I I	 S	 S	 U 

H NO OHCCCC 1rCC 
O H'-Oa) U'.P(\t(\H H 
1I'.OU'..-4 OSU'.OsH N H

HC-,-4CC QsC--0 ttsC- 
CO H H	 U'.itsWC-00) 
CC N Ut-O N..*C-N C-

0)50 U'.Ks	 i$'..j-O C- 
OsOCC'0	 -U'. 
CU C--N C-N'O IC\0.$tS

'0	 0 K'.N'00) 0 u'C-- 
H C--zEN 5(\t-CC 0 a 
'C'0-NCC 050 "'P9

H H K'.U'.N 
Cii NCC- 
-	 OsIC-s'O Cs 

H 050) U'.N C--1('N 0 C-- 0 05C-1r--N 0 o-CC'0 ItSN'.N 0 Gst-If,K'.H C- K'.a-sU'.H C-0'0 N 0 t 0 OHHH 0) -CCC000a)C-t-- U'.1rsI(s -K\ IC-S11NNHHH000 
0 

U
.-40) NO C-H'0 NCC 
OH CCCCCC C-0sC-N'O

Cii 0) U51t'OsO'0) 0515'C- 
00) (('0 K\1C.'0 C5JU'.

CC0)0) U'.SesO H SC-CC 
'O'0'O'OS0'O.H'050 Is

H C-i 0\QCC H Ie CCC 
..CC'O 00 C--O4 0CC 

HK'.U'.0\ (iJO 05
C-- C-Cs0 
CC 00 a-° 
K'.OSU'H 0' • 

-O
I('OU'.N HCC K'.C-O H 
a-CC 1('NQ) (tK\OCO U'.

N'DH'0 0t0)CU C0 
N 0 0'C-'0Ci1 CU 00'

IC-sO C-HCC 05a-sO. 
0) C--tiKsH OsC-5O K'. C-CIJO+C N'. 0	

ML
H0)5OH 

co 050 YSC7CCCC0)O) C--C- SO50'C ((5 .ICs5(sIC\N CUN H I 14 0000 
0 - - 

N0)CO C-C-CU UW 
ON IC-SN HZI('O

 
'0 Q 

H5(\N 
C--i 5(5(54

ffu-

-,5(50 C- pC-
-	 5(55(50 N	 )	 O 

iCCOCHOs-S C-a-CCCC 
NNH HSO H H0

00-N HCC U'.K'.H O-5t-- 
Qso-.t--M\'O0) 

(51 CU'.-U'.C-05N
Cii K'.OsC-U'. 
0) U'.0S.-4 0

0CC	 J0)50.-I qs50  OC)) C-SO 1C'sK\
'0 H'0 IC'.

0) Cii HO CCC C-i(sK\O CC IrSN'.H 0'.C-it\K\H 0 CO C-UsI(\ 
Cs CO C- C- C-O'O'0 '05050 S0\0'	 tSI(SU N'IIC\K'. 

...•
(Si N N N N 

• 
..

OCC H (ii IC-SO N I(\N 
O QsSO O'sO OH 05C4 H 
( C--C--H

	
r- I--

0) N'0 PH NO WsK'sC-- 
CC N C--H 05'O HS0 

K'.OSSO N QsSO N lrsHsO
I('CsU'SO C-N 00 

N0)H
I('
CC U'sHCCsO H 

(ii C-5(\050 C-.C--,c-CC
CU N'sH NN05- sO HSO 0 KsL(+-O irsCsJCC 

- N C-HSO OCC N'O a-s
0 IC-CC0) 
(SiK'.C\4 
5(55.0 O\H..1 

- 00 H S(\UO C-CC) 0 H H N K'.P(5U'.U'.'-0'0 - C--C--CC0) 050 OH (54 MS Ut-00) Os,5 N K'.Ut.O 1 050 H'KS 
000000000.-S HHHHHHH.-SHH - HHHH.-SNNNNN NNNN	 151(515'. 
0	 - - 

It'	 U'.	 115 (54 '('C-	 NU"00) 0 (sj t0CC ON usa) 0 U'. '0 U'.O t'0 1(50 irsO U'. Oi15O ((sO 
39 H N K	 ISItSO\0 C-C- Q)a)CO0) 0'05CC-050\O 0 ,000 H HH H CU N K	 Its1C-C.0'0 C-C- COCCOSOsO 

O .	 s-S H.IslH.-lHHHs-5H HHs-S-S.-IHHH - HHHs-ICM

5-s 

C. 
ON 

I 



NACA ARR No. L4129
	

47 

C, 
0 0 
0

'.0j K\'O 0 Ith 0	 N O'.-U'O 0 
0	 0 0

I	 I	 I	 I	 I	 I	 I	 a	 p	 i 
I	 I	 I	 I	 II	 I	 I 	 I 	 I

a	 I 	 I 	 I 	 I 	 I 	 I 	 .1	 I 	 I 

I 	 I 	 I 	 I 	 I	 a	 I	 I	 I	 I
i	 a	 a	 a	 • 
I	 I	 I	 I	 a 

'	 8 a'Lr'0 .-I 0 a'.-I_rI ,-1 N--aCO qsN 
OUOJa'CJCO 0O'. I	 I	 I	 I	 I	 I	 a	 i	 i	 a 

a	 a	 a	 I	 I	 I
I	 I	 ...	 I	 I	 11	 I	 I 
I	 I	 a	 a	 a	 a	 a	 I	 I	 a

I	 I	 I	 I	 I 
i	 i	 I	 I	 I ou,-o 

a'a'a'OOCOCO r-e--o
o	 N-r--.-4o'. 
'.0	 a'c'.j .-1

I	 a	 I 
I	 I	 I	 a	 a	 u	 a	 i	 I	 I I	 I	 a	 a	 I	 a	 I	 I	 I	 I I	 I	 I	 I	 I 

o .0 , aau	 11111	 a 
a	 a	 a	 a	 Ilu	 aa	 a

ii	 ,aa	 11111 

.a	 alall	 I 	 Ill
1111	 a 
lull. 

-c	 N t'.00O 0 
a'N-.-

J'0
l 0 QS

t 'O
P(\OO

'.0Lt\a( f'N N 0 N a'-1 
NO K\Lf'.0 0 C-If'.O

a'COCOW011,04if'.aCN- 
CO IC'.0 	 oj &KI(\ 0 N--4 a'N NKK\K\ 

U\'O N_It'N C-a'u.'
N O'. N'4 IS'. 
ttrs0'O U'. 

L '.
t-'.0'OCO N	 N 

a'N-U0 N\0) N'O a'N
",NCO CO I'\N U4f N- 
tr\0cO N'.o ñar'.ar'.tts

I\ N'0 (N 4 KN a, a, '0 N-0 0 c'J0)	 O C
0) ,e'.'-O tr	 N-H0) 
.-4 a"-I 0 O'.It'N NIr N-

I M'IC 

NN--OU NC\NW'.\K'. tt'U'..0 NrCOpC\a'OaD  
U) o m 14 m NP(-7'.N r"OK\NN 

I	 I	 I	 I - r;4 

-tN'O .1 O'	 ItsPC'. a'N- 
O\O'ON OOsN

00 ir	 N S0.1 K'. 
IS'.a'.U'.U'.O IC'th4

0'.O	 t-r'as'o c'.Us 
N-N 0W N N tr'.tr*-C--

('.150 '.S0 It'.IIN N-.-4N-.-40 
50 0 C--0r.-O 00) 

NCON	 C--a'. ..-I ItO)	 ,-4
 t-(04-'0 IS'. 0 NCO I('.'.0 

500 .-4 ltSIt'. It' 
•

.d0'.osac'.0 tt'.O N-O'sO 
00N-K\O Os

0 O'.N0)CO ,-ICO'OIt'. 
0)N-(OCOOs.-IN IC\tt'.N-

co
 Lt ,-40) U'.N 

OSN 1rO)N	 rsO50,4'. 00	 t's'0.-I 0 
Lr	 NNO'CO'O0)

NO .-i 40N,0
IN It' N'. 

U)
N-N5O 

0
N-N-N- 0O'.as0lIC'.

NK'.-Lt'Os'OCO -I'0It'N 
NK'. 

I
,-4IIII 

I 

• N-It''.O

 

010'0 O'I It5N PC' U'.IC'N N- N-U'.O CO'0 050 I-I OsO5'O K'. 0 a	 Us0SO N 50 0)0)'O N-.O 
asLr'...:j-.o - U'. CO (N Mr-co 87H%0 Ltr-4 

-	 t-.z0 05.-I a' j-
.-4 Nzt0) ISJO)'0O) 
.0 O50tIS'CO 1(50 4(5.-I

N-NfNCZ) 0 ar'.,-4 LC'PC'. 
Os OsO $5 N50 pCO0)

C--COO N'0 PC'.	 O•C- 
N O '$5$5,-I as 0500) t-.-I 

N I
05N4-0 US$50 O'.N-N- 
0505050-0)0)0) N-N-N-

N-COO) a'O I C'.t4I'.N- -O)COCO0)COCO
COO	 t'.N-O	 OSN 1-4 
(0 oscsa'q'.O 00 rIN

NN-N o'a 0 IrsztN- 
IC'Lf'NCZ) Oac\IrO) .-I

0)5050 N'0 
IS'.O'0* 

•	 - 0 -4 - .-I .-4 .-4 ,-4 ,4 .-4 .-4 ,-I N N N (N $5 t	 r'0 

OHsO r-I U'.05N 0 a' N-N-P("SO a'1C4 C--H N-N ..tJSO.zt'.DCO u'.NCO N- N'.a'Ifs4'-O.-4 0 isa' C'-u--.'.ocO Its 
N-CO 

('.1
N-N-N-a'LrSHN OPC0) 
zf0 $5'0 ('.1 IC'a"050 0

1(50 .1 '$550 N H.N- 
0 N-Lf'.Lr'.N-H PC\N-C'J

COCOSO $5O)1' rid) N (7'. 
CO """jH N a'N-,-I N-

0-0) Lt'00) a"0'O'O 
CO N'.Nta'NO) -150 N'.

CO W'.N 
H H N PC' U'. 

• a'tO	 COSOPC\ (N H H H H H N N N K'. peszfIS'.'O _C0asH $550 0 UsO 1(5050 N a'USN 0550 $50 N- 
U) CSCSQ'.CDQ)CO	 -N-C-- N-	 C--C--N- C-	 -C--C--COCOCO 

. .	 .
osOsO 0 H H N ('J 4C'. 

•
±Lr'.'.0 N-N- 

O H-;.-H 

It'. 'I L
N'.0 0(0 HO) C--N'. .-4'0 a'KSuSH H Lr'.t-CO

H 00 N	 f'.PCsU'.OSN 
CO a't-Ntssa'Lr'.O 0

U'.'0NOQ) N-,-LCISO 
p450 H Us$5$5OSO N-

ON a'.50C\J tt'.U'.$5O 0 
(N N-O Ota'rfN--0 Os

a'C(J0)SO N- 
.zf N 0550 H 

H USHN Pc'.C--N	 0) 0 It' 
0-0)'.0N (N 1-I H CU N

$5COHCO'OztCZt'.O_zf 
4U'.It'.O N-N-CO a'

N p-I 0 a'a'a'Lr'-4 N.-' 
0 H N N 1C\.zj'.00O OSN

N $'.sC a'N f'a'c'J UsC-- 
(('0) r-LzU) .-LCO .-I

a'0 c'0)'0 
N-H $550 a' 

0000 0000 C 000.- 0 '.$5PC-:J- -Lrs(cstcsL(5 
U)

O H H H m H H H H-IH H,-4,-4r1 HIHHH 

H
U5N NSN(N 0s'000N O	 0 0-sN U50-CO $5(-

th0 Us0z0'000S0.. 
0 H.-I 0 ICSCO H 0505 

H'sO H 0501(5
OCOSOK'.iisa) 

H USHCOO) 0 5-050 ItrO 
NSH 0 .-ICO'0	 t-LtsN

0 PCs,Ns0N'0 a 50 
N-C--'0 N'.	 0 

H	 N- .-4	 NsO QsK\N-N
CON 000 
NC--N .-4 N C--pC\OSLC'. 

I IisOCO 0 0.zj0) $5a'u'. 
050) LC'$5OCO'O U'.IC'N 00050-40(00) t- C,- .-I 50505050	 '.(g45 u-.o C--N- Cocoa'a'0 

a) 05050sa'0'0)COCOCOCO COCOa)	 -N-C--N- -C--N- N- -N-N- -N-N-Cl) 
0 

U'. $5$5j'.0 ON $5N- 
0..,-I (('..0) UsC--C--SO

'0IrS.N'.0)SOCO 1-' K'. 
'ON (7'.N'.O500) a'P45C--

C'-K'.N 1(50)500) H0 
N OsC--'.D'OCOCO (Si a'.as  

U'.OsN H	 $5N 0' a'H 0 N-H .-4
a'a'05 
CO H 

0U'.$5 
N 

• 
O

USO C--SO 000 osO) N- 'O'0UsUsUsUsUsHd'.0 a'O $51(\-N -N--0	 0
Q) U5$5H 0 H N $550 Os C--SO CO	 U\*$5N '-40 Os

N N-N N-PC'. 
C--N- OSO)CX) 

I
05(0 LCSN Q'sC--IC'(N 01)) 

cs0'0)COIOCOCO N-
S0U5PC'.N H 00 Q'CO 

-N-N-C-- N-C--'-O'sO
U'.trs.4N'.rsJ .-4 

'0505050505050505050 Ir'.ICSLt'.4 
0 

o
CNCOCO C--N-N It'.O 
0(N IC'C'.4	 f	 1450 a'	 PC'.CU 

-0)SO $50 C--t.-4 U'. 0'.
0$5'0001f0 

P45CO0 N-	 4 0,-I N- 
H H'.O

0 ON .-ICOI(sK'..-4a'N- 
o'0)0) Osa'N-1(\'0 CO 
N 0sN-UsztUsN-a'N

N $5a'N-ISs 
CO U'. OsH 0 
\OHsO P450 

0)
Us0'0uNcsO'0 p-IsO 
051)) tf'.NCO'0H Q\`0

a"Q P450 (-$50 Irs.4cs 
I45N H 000 N-SO LSPC\

P45N (N (N	 H HID 
(N .-4 0(70) C--ir'.f$50 CO 1t'$'.H Cst-UsN"HO CO N-IfsIC% 

Os0-'a'cy-0) COCOCO (-N- N- C-N- (--5050 '-0 50 50 -0 sO'0'.0 145145(451(5 LI'. USU'. PC\1C\K5K'. (51 N N N Cl 
0 

O•:W H N I('-0 ('.1 (I'.N 
OQ'.'0 0500 '-4 a'N H 
N C--C--.-4 (-N-N-N-as p-I

U) N'O 0-5.1 NO I45K5C-- 
O) N N-H -10 HID 4(5(7.5-ON O'-'O N 145.-ISO

IS'.a'IS'U'.s0 C--CU 00 
(N0)HCO U'..-ICO'.0 H 
(SI N-PC'. a'.O CsN-IC0)

('1 N'.H Nt1r'N0-s 
'0,-ISO 0 N-'.Lr,-o (('cud) 
N C--.-I'.O 04CO Cj50 Os

0 U'.4O0) 
N IC'N C-50t 

a- 00 H ICsIt.sO C-COO I H N $5K\ (t'IS'.'0'0 N-C--O)CO a'O C) 4N PC'. 145500) 05 4 N P45Ltl0 C-- P45'-O a'.-Ld- 
050-I PCS 

000000000,-I H	 .-4 ,-IH	 IHN(SJNNN NNNCSJ$5PC'$5P45PC\P('. P1--ZI 
0

1(5	 IS'.	 U'.
U'.	 U'.U'. 
N (('N- (N 145500)0 (1-00) ON U'0)0 U5 0 UsO ItsO ItsO U-SO 14-5 0 LINO 150 

H(N$5.U'.ItSO'0 N-C-- 0)0)0)0) O'.a'O-a'O--O 0000 H,-4 H -INN 1(	 d("'.-0'0 N-N- 0)0) a'a'O 
O •	 H - IHI - I 4HHrII HHHHN

0) 
0 
I-I 

MO 
0)0 
H 

I-
C-I 

ori 
HC-1 

0 
0 



48
	

NACA ARR No. L4129 

a-' 

cn 

CA 

4

Q. a'.r0HOa'.-Lr±
0-uO0 
0.-St--.-40Da'N00

aauiaialai 
I	 I	 I	 I	 $	 S	 I	 S	 I	 I

alalIllull 
I	 I	 I	 I	 I	 S	 I 	 S	 I	 I

usia 
I	 I	 I	 I	 I 

8 ._as''o'.c .rO 
0u'.-4sO

0 aO	 aCJ 0 O 
0	

U	
1c0o

I	 I	 I	 I	 S	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I I	 I	 I

S	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 S	 S I

I	 I	 I	 S	 I 
I	 I	 I	 I	 I 

oa'a'a'cO	 --'O '.0	 N\MN .-4 I	 I	 I	 I	 I	 S	 I	 I	 I I	 I	 I	 a	 I	 I	 I	 I	 I	 a i	 i	 I	 a	 a 
o 0

lIlSIllall 
aluilIlilu

1511111111 
1511111111

11511 
51111 

co '.0 OO)CC) NU'Lra'0 o\N 0O) -N 'o 'C', Q'.0	 N.00) a' trsO'O'O 0 eI'u-I-4 a' 
H

.'a	 N 
a'sO N O'O	 -N\ 

a'K.Zta'L(SIt'OS0
H .-1N t-'0 C\aC 

H t-'.0O H N-.(' .±0
O)QO) t-rsN a'U'N 

aO) ---ua'IC\ -zta('0
N K\a'.-4 K\a'NO) 

a'M"t-.-I UsNO)N
Isr-S H t- 
N -N K\O) 

ir. -ir'.,-4 u'c	 P	 N 0	 pcv0 a'.t a'0	 -J-HO)s0 0 O ,c\a'.N rW C'-a'I O) 
a'a'a'CD t-N'.O'O N'N%N H HO ON ,-.Oc0 I(sa"O N Ua'H 0	 OK\ H 0O) t-Is\ 
C; o s	 a	 u	 a 14 14 c	 C- N '-I .-i .-i .-i .-a .-a 

III. - 

co N H'.0	 N---K' 
.0 0L.-I N L.-4 p(\

SOO N H	 O N
a'H C-N C-N tr"O C--

NOzu"a'Lr	 U 
O)0 N rC--0 fS a' 0	 tr*.O O--j,4 C--C- 

zfa'CJ'O NO) N'sC%J C-
t-0 K\ a0 
aC\'O 

UN
a'N'K\O) Na'N\ 

a't-Lr'H Ir'NcO K\ C--" 
C--C---O'O O)cO

0 0-0 tr	 N a- 
O\O) N UC-- 

H HO
t-'OO) u-.-a .-a'.o ,e-o , 
cOO) a'N C-ItSC-C\O 
0 H Nj-LrC--0tO) K

-oo trs	 0'-o H 
0 0'O O'O H a'a'a'N 
H ,IsO ItsN N arHO)'O

N oH 00 
d-N\N HO aN ................................... 

CK 0 0 a	 I	 I	 I	 I	 I.-IHHI(\ 4UJth(\KNN NNNNN 

NO) H	 a' a' C-0H
'0 a'C-N C-Na) H H 
'0 HS'O ('4 UaC\40

'O U.	 a'0r'N 0.-Ia) 
aa'a'LtO0K\O

0 a'K'0 U'N N p('. 
HN	 -K\U0OH N

'0.-$ H HO 
rCO0 ON 

0\N N'-O H a'O N'.'O '0 H ,-4'0'.O a't'NW N P(t-t-a'H N M\ 
H

tsNO) t'O) a'a'a'C--U-s 
0 E-Ir'0	 0

CO .c\.-4 NUN 
IC- a'C-LC-H Lt\C'4 C-aC-NO 

a'a'a'o'ODCO C--N'0'O
NO) PC- HC-C- 

H -5 0
CO NC--CO	 LC-0 N t--#C\
0 4 N K'-0 a'NK\

f'O a'LC'O 
0)0) -IN N'0 H a'N C-

.4COO) N a' aC-0a)C-tr 
0 •	 0 I	 I	 I	 S	 I	 I	 I .-IHN pC-'0C--110a1C--I4'.if\..t __zjaC-IC-K 

III Ia.-a.-4.-4 
H 

t-aJ-cO.-4Ha)Oc'4 NH 
HO a'U.O'.O LC-.0

taC-Ir\0KH 0 
'O'OONa)

0HPC-IC-O a".00--a' 
'0 a'O)'OCZ) N IC-O'C0d-

C01C0N P4'0 NH ON 
'-40) IrsO IC- NH a'.-4

'ON C-PC-PC- 
H	 C\J'0 a"0 

.-a'NN LC-a'NCO ON
a' ,-IIC-It\O O,-4 a'N a"ONCO if'O HOHH C--NH C-'.OrC- L.4N C-IC-N 

O'N&t'H U.-4 C-N C-0 N C-N N-PC-C-- t--O'0'Oa) .-4tH NO N PC-N Pe-000CZ) IC-SO C-- '0 C-10 LC-(t\ 
01

Cr) F12,0,0-
1$	 tNPC-N p-I .-I0 0.-IN ,C-0a)HPC-0 0 C--H0)0r4C0 0 HO K\CO ItSN 0 

4 I	 p	 ,	 i	 i	 • ..4j 
i	 s	 a

P	 cOt-t--.OM\oa)t-- 
a	 •	 I-oJHH

S0u'u\u\Us 

N-C--- PC-p-ISO N,-4	 0 C-- 00)N a's,C- pe0O)O PC-N'O osOcIN N OQs 
U	 PC-C-OO) C-H'.C-

CO NIC-H 
a'If'UXO ,C-t-c0SOa) C-- 

a'N HC-tLr"O
PC-N a'H N IC-IC-a) Up 
LtSa-	 4-t'o u-SO

tC-LC-0'0SO Otrsa'H 
so	 co'.a'o 	 p arw u- ra-so0 r<,\,4 za'a'H H C-Ir,CO- 

US a'C-tA.-4 IC-H NN'O a' 
a'a'a'O-COO) NN-0 U

H'0 H'O 0 IC-SO IC-C- 
I(\NS(C-N HH 0

-UUtsC-C--O0) N 
0.-IN pC-USC-O Ht-

C-a'4C-'O C-C-H 
-tC-,-4O 0,-I Us pC-..ztC-

SO pasO U'Qs 
asa'O aC-a) 

o	 •	 • • 0 a	 •	 s	 s ,4.4 .-s as .l('Spas-aco K-\s .-a a'o'	 C- 
H S	 a i	 a	 p	 a	 C\J PC-H H H 

I	 IN 

C-NO) C-a'O'O LC-O C- a'N\Ht0 a'N'O C- 500)0 Oa'\0 N pC- CO H \UO) pc\4H'0 H PC-a) pC-sO 
O\.N H'&'OLC-N 
.d-a'N H N Lr.-4 000 

C--N'O a'(--trH IC-H	 Os
O)..ztO N NO) N N a' (-H .-4SO'O H H .-4 C- 
050	 IrIalKNIO I('O If

010O) U'PC-C--C-WO) 
iC-H'O (-50 pC-O HO C- 
(-UN	 PC-H N	 r-410 a'

IC-a'C-O) IC-a"O IC- 
N H a'.-I 0 PC-KO N US 
USC-N (C-C-SO K\a'N

NtKS 
C-CO O(N 

H a'a'a'aOU) 	 If' 0 0 C--C--0 C? SO 1(50	 C- -S-1-1 PC-N N H HO 
• 0 0 a	 lo ll 	 I	 I	 I H H N N PC- IS'P0'O (--PC- 00 IC- a'SO 

H I	 I I	 I	 I	 I	 I	 S H N'0 
SuN

IC-KIN	 H 

'OHC-N C-C-N KSH'O 0 Osa'NNza"0
OH NO) HO) 0'O-'O (\Ja'K\O a'N'0'0 O- H Ista'IC-N N C-HO 5000	 (C-CO H IC-IC- a'O

LtIC'4 HO Os pasaC-'0 C- 
OsH 00 N N..thC-N

'. 
CIO, 

('450  
0)

N a"0 IC-a'IC-H a'a' a'N .-I UO'000 N 0)50'O a"0 C-H PC-C- N COO) 0501 
Us a'NUSH Ir'H'O H IC-CO a'Lf'Oa) N Ir'NSO 'ON 0 a'a'Ha' H H N'O C-H LC-('J 0'CO C-a'Os04 It' 

'OH 00)0 a'a'a'OCOCO C-C--SO IF' 
d

t(C-CIJ N H HO
0

0 HCIi KOa) a'N 
Ill

C--C-JO) It-sOO a'asC- 
tc1_zt1r1r--c0 asC- 	 aC-  - 

i	 I a	 a	 a	 s,-a 

SON  ON OsK\0s4CO ('4 
0'IC-IC-0) NO)...K5N H

a'H C-SO Usa'aC-C-- 
U5N'O'O

HC-C-H 050 HON 
CO H HOC NO) N.-P-4

'0 a(\C-CO USUSC--PC-d 
COO) ..z'.0'C-U'a'a' 

-I
N C--Ha) (C- - cO USOCO 

a'HO) (--C-H C--th-4 
OsOtO'OOC--

50 O'COO(--a'H 
CO PC-CO ISC-HH'0

KsIs54 H usa'IrCO 0 
IC-OO)'0.C-01NH

O)O).HO IC-SO	 s NO) a'IFSO-WO HO ON IF'N 
0 0'0Sa'O40a) C-t'O (Fl 

0
.ZfPC-NSN N H HO

0
0 H N N IU'C-W p-I 
I	 I	 I	 I	 I	 I	 I	 S	 I H

.C-H'0 H C-IC-H a'pa) 

H H N N K5Kj US USSO
a) OsH USC? 
C--CO 0 H KI 

I IIIISIIIII I IHHH 

OO) H NIC-SO N IC-N 
0 a"0 050 OH CSN H 

C-C-a'H
CO N 50 as p-I NO PC-PC-C- 
ZtCON C-.j-H 0-SO H'.0 
IC-Os'O N 0550 N .ISH'O

Irsa'LfSU"O (--0400 
NCOHCOU5HCO'OH 
N NPC-OsO a't-IC-G)

('4 IC-H NN0- 'OH'OONSUS'O IFSOJO) 
N (--H'O OCO N'0 a'

0

0 H NsIfl-0 NO) 0 H H N IC-K%thFSIrS'O5O C-C--COO)a'O OH N KS Us'0O) 47-1N IC-IC-SO
000000H HHH IHHHHNNNNN NNC-PC-  
0-

IC-	 It'	 US (SJUSC-	 (11145500)0 N'O0)O N It-O)OIFS 01(501(501450 IC-O pt' 01(501450 
HNPFII'IrSO'ONC- a)0)a)cOosa'osa'a'O 0 000HH .-4.-INN KIrs(rs'O'OC-N 0)0)05050 
0 14 .4.4.4.4.4.4.4.4.4.4 HHHHHHHHHH HHHHN

0 
I-I 

go Al 
coo 

ONI-I 
E. 

I 



NACA ARR No. L4129
	 -	 49 

C, 

0 
0 

I

0'0(\'.O0K\zL 0N(0N0'NOO S	 I	 S	 I	 I	 I	 I	 I	 I	 I S	 I	 I	 S	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I I	 I	 I	 I	 I

I	 I	 I	 I	 I 
I	 I	 I I 0'u'0 HO 

0'NV'O'0 IrsO 
'0N0

0HC-H(0 (TIN 00 
0'0U0CsJ 00' 

(0
S	 I	 I	 I.	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 I 

I	 I	 I	 I	 I	 I	 I	 I	 I I
I	 I	 I	 I	 I	 I

I 	
I	 I	 I 

I	 I	 I	 I	 S 	 I	 I	 I
I	 I	 I	 I	 I 
I	 I	 I	 I	 I 

0'O0sc0c0N-NO
O'0 N	 N-Hr1) 0' 
10

NC\NH I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 5	 I	 I	 I	 I	 I I	 I	 I	 I	 I 

0 0 1 111 1 111 11 IllIllIllS
1111555111 
IllIllIlsI

11111 
Ills, 

N U0 0(0	 N 
0

0CJ'0'O N'N 0 
0 Ns0	 t-0 sr<O

ICI(\'0'0 N 
N.(0 irH NH	 rstirj 

OH H0'HsC'0I('NH
NH 0'H U-1 HH 

CIO 	 t'lHHN
IJ'4 0'H H a.40 Q 0l((0N.'OS0Cj N N'N0'N 0'HCOCO 0'N -HHN 

Ir 00 u\N. .OcO N CJ(0 NQs0's(\.-' H H H N H O\N'0 P(\N-N N(0 UN'00 NO N 0' 
I 0'(0 .t'N 0'	 NNO ,\ (0P('N0 0 0'NN H H N NIr'O -N(0 (000NN'0 LtK\CsJ 0 , pe'o 0 

000 a'COcOO)(0cO(0 N-0'0 .rN\N N H 
0	 - 0 111111111	 I 

-
1111111111 HH 

H0 H HN H PC\H'0 0	 N0 Os
(0(0 NN H \N Np(\'-O 
I'O) Ir\N CO sO 00

H 1CO'0'0 CV -.-1 
'0 Us0sN- .0 sO K'0 0 H

N\0 
rs1rs.P(\ 

0 .-ICO .-1 fs 0 ('NCO $'%N H H N'(0 
ItsO(0 OSN'O H NCO K\

0 NL(SK\H (p(0 
OsOssO ON N K\'O N

000-NNsN K'INN 
tS	 N'0 H U't-N

NU\'0 N K0s0H IC\ 
UNCO (\J'O Nt-Is' 0 NOs 

I
000 U"N 0s'OM'.CO

 

,4 "N COs0(000NN'0
N'O 00N0U" 

tPCNC'JHH0
00 HH N N pesH'ss N5N\N H00 NH\UH 
1111111111 IllIllIll H 

0 0

0 tr4'cO -I .-1 ir.O .rs.zj-Ics 
050 '0 C000	 ,-4 LtN'0

K\.-'I Nas
scss

H 
c' u-0 IsS 0 t-CO ('4 H H	 ao H	 0'H H

pC\40 NNO\K.O Os 
(0(0(0 K\OC'J N

NCO L15 N,H osifsN 
C,N4,(W(0 0 .4. H 0 O\0\0 N NU'CO S'0sU' 

N • LS"H Q'CO NQO Os-Iss 
00) It'N NNSOSN

,scNU5sO'0 r0 
'00	 PC\NH 0

CO PcsNH USO Lrso'0 
00 H H N N NSNII(S

N NO K0 Nt-N5O 
LtsLts'0'050'05050'050 N OsIC'H'0 '0USIrsIr 

O'4)(0NOIr5 I(NNHHO0
•si	 111111' 1111111111 '11111 

0 -O  

co HO	 -irstr	 0 N 
'00 N ON Lr't-,(%0

rcs'0 U'CO C-I(\CV .-I.O 
H	 H

Nu5HCO N 
K000 N\ 

N
COt-CO O\O t0 OSNOS 
VCO NCIj'000CO KSL(\ UNZ'0 0 USO KSKCO

I(S00 O'COO) (M 
NP(\0 0 g4 MN 
asUC0Q) LrH IrCOd

O'.O'0 ('4 sft(\QsO'.O 
Us0O H t-N 0 t-N

N USK\NCO r-sO	 OS 
(ysN t-Lrs'0 0	 sc-,eaD 
t$S'0 UN 050 KsQ'.

H H a-os 
0 U•\0'z1W 

I 0'CO'0 5(\cys SSH Lt(0 Os 0-<O N'0 0 M0 ifs OH H N N ,es_u's'0 ('-0) osO H	 N 1C\K\ fsLrUIsOS0 
Z 7-(00)N0 its 5tsK\NNHH0 

0 0
I	 I	 I	 I	 I	 I	 I	 I	 I	 I I I I H H H H H H H 

I	 111111
.4 H H H H 
11111 

N'00O H(5450
H H'0 pts'O s(O'0 os:t 
I0CsNH'0 000(0'0

itS.±N'0 ('4 t-N K\N N 
COCO..ZS0 N('-0 L-H

('-H'5'0 0 00(0 Lt5If5 
US 

•
t-LrK'sN50 N 0O U•

115
' 

COOsO4'.OsrsN\'0(0 O H I(' H NP(\N	 H  OH H N N NN N H OO'0 00 CO0SNitS'0 uSirs NsO 0 .4	 CW 
.4 

I

.4'-ifSO(050'0(0 I(SN 
0\NOs0 US OSN lis t-

((50 H\'000 OsO 00 (0 N'O 
00 H H N N K\P15ItS OSO(0	 Is'-lC\N USsO (0 OsO H N K5 U'sO'0 NCO 

PISPCSNCSJHHHOO 1111	 111111 1111	 IH.-4.--IH14 H.-4HHH 
0 0 11111 11111 

0K5('j'0

 

t--OW N ItSN'0 OtItsI15 KS0 t-C'J OsH .r'it\N(0
sc\Nrt KS'0'0 N5U	 K\P('I50 O'0 

000 N P15H UKS u'c0
(00 USH OsH 0 OsN 
C- C-NH'0 t--0s

I(\H (150)50 ('-0 ('4 H KS 
(5450 H C-	 s Os pis C- t-usH H tI5Kt-.zj-

N 
,15.rs0'sO'0 

H -4W OsN
 

NCO IOIO t--al N irs50.O sdO 0 115050 H NKSN .-4(0 H Qst-0 U.th(' SO C--CO ON 
I 0't-OP('4))K\t-0N 

O0NN050US
4,4-g- -a-.zta0)N0lfs : 0 0 HHN ('I	 115IsSN 0s0N'0(00N4SO COON USC-- 

I	 I	 I	 I	 I	 I	 I	 I	 I	 I I H H H H H N N (51 N ('4 P15KSKSKS 
- 0 0 III	 111111 11111 

U0	 N NN(0 HSO C--H	 Or('CO'
(0	 KLC'4 NK\0 

0sO NH C-SO 00
N OW	 H'0 UCO 05 

05(54 C--0 ('-C-N 0\N'-O
0'0 C--Ifs 

NSO5LtS 
OsH	 os0"0 fsp4SO 1(5(0 NH'0 0 4'KSN U'0)C0 (51 KS H Qs.4(0 00(0 N4H .N0'(0 

U' -0SO'ON0N USO If' 0'NN0)HHC0IN tf'C.JCOIiSN OsONHP(\ NNO0'HZt0) USI15I(\ NH'0N\ 
uS0s4W KS 

O
OsNIr'OO UsOs pIStrs 
0'050'O'0)(0NSO50I15

'OCsj t-HSOOI4SH Its 
ClisKSNNHH 0

C--Os OH H N (tsKSIrs'0 HN0'KS'0 05K\C--H 
I

0 0
I	 I	 I	 I	 I	 I	 I	 I	 I	 I 

-
H H H H C'J N N I(\KS 
1111111111

.	 It0 
11111 

50(540 N 0'KSO\4C0 N

.

OsH C-so USOsKSN
H.4C--N,-4 NO %0 	 N 
.0) HH 00 NCONH

'0NSNW UStt'NP15t (0(0'0OKSL(50'05
N NHCO US 
ODUSOO)N 

151f'CO N(0..d-HSN H 
-05H0) NC-H NH

.Z5.4CO'0 Ir'N'0'0_d 
'05ONOSH

_dKsIr'H H USOsL150) 0 
'0KS0(0'0NN N H'

0)(OH.0 1(55 0 H Os 
('4(0 OsLt"&4W 0 rIO

05H'0O 
0(51 it'N 

0 0'N1rsO0sO 0N 
0'0'0'00)(0 NC--SO US

(OKSO) KSNHs-I'0 
zTICsPCS('4 C51H HO

0 H CV N lU5t5.(0 H NH'-0 H NIISH 0Z) O)QSH 1150 
I	 I	 I	 I	 I	 I	 I	 I	 I	 .4 H H N N I15K\.fttSIrS0 ('-(0 0 H 115 

0 0 I 1111111111 IIi-IHH 
III 

04W H N Irs-ON USN 
0 0550 O'OOH 0\N H 
('4Nt-H NNNNCS.-I

CONSO OsH NO I4SP15N .4WN t-..-I 050 H'O 
KSQs'O N 0550 N I(SHSO

It'0'115Ir"0 NC-i 00 
N(OHCO IrsHCOsO H 
N Ns(5054-O CSNPISCO

N KSH Nthf'Nd0sZ 

'o	

'o 0 KSI0 IrSN(0 
('4 NHSO 04WN'0 O

0 IfW(0 
(54 K\N 054- 
KS50 OsH4- 

I- 00 H K54-.r..0 NW 0 m 	 N KS	 rIrs-0'0 Nt-cO(0 050 OH N H5 11550(0 OsH N NSUS5O N 050 H (454- 
090000000 H H H H H H H H H H H H H H H H N N N N N N N N N	 KSSKSIISK\ 
0

its	 -s	 US ti
U5	 US US 
N UN t- N Irs-O(0 0 N	 ON (0 u'	 0 Us 0 uSO UsO USO 1(50 US 0 ti-sO 1150 

HN KS4USUS0'0 NC- (0(0(0(005050505 050 00
'0W 

00 H	 ,-4 -!	HN N KSPCs4-4-If'Ir5-0'O Nt- (0(005050 
0	 - .	 rI H H 4HHHHHHH ,-4,-IHHHHHHHH HHHrICJ

U

COO

MO 

pq 
'-IC., 



4111
	

- NACA ARR No. L4129 

8 4-

OH	 0O 0 r	 H 0J0.r pesO 
C4J ONO K	 H -tr 0 H cj....f'0 N.a'O N ..zf 0000000-4-4-4 
OIIIUIIsit

rso C- Kr--'O I(\'.O N N 
0-lt\Na'tt' 
'0 Na'-LO p(\ ac N '.0 t'-O) 0 H N	 N '-4.-4HNNNNNNN 
IIUIIIIIIU

I	 I	 I	 I	 I	 1	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 I 
11	

11 	 11	 11111	 1	 111 
11111 

IllIllill	 I

I	 I	 1	 I	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 U	 I	 I	 I	 I 
II	

Il 	 IUUI11IIII lS	 1111 
1111111111

I	 I	 I	 I	 I I	 I	 I	 I	 U I	 I	 I	 I	 I 
I	 I	 I	 I	 I 11111 
11111 
11111 

0(0(0NO P'0N',a'- N N a'CSJ H'O'0'0 N.* NN0 uI'.-1 0 No' a,O) C-(\NN U•'O\'O a' 0) N(0O) a' 

U'\ 
6.,

Lr0"C''0'O l\H H N N 0\N a'H4W (\ 0''O OON ICt'0 NO) 0 H N\ 0000000HHH

'0 HO) a'N NLr\ow a' 
K\-zf-.Zttr'aCX) N 

.r'0 NCr) a'O H H N N\ H.-I.-INNNNN

H tr.-4O) C-0) N l*.O N N'0'0 trUUHS0 Ntrs J,0 NO) a	 N N'\'0 
NNNNNN	 \K\K\

O)'0r '0 a'uSC-u'N NO) N" 4"4(0 0 Lt'N H N tf 
a'N trW N trta'N',r--4 

zf4tr'trtf.0'0N

-O) MNH N ICs0-.	 ,-I 
'0 H Net'tH 
NO)O)O'.0 

011111,111 'IIIIIIISIU I,IIIIII -UII 1111111111 I	 lI p ,-

If' 

K\

O NN'%N1C\O'.N 000' tr'a'N4N N.4-,-IcO.4- N a'N Q'..-I PcSNCIJ Nf 
00 N 1C'0 NO) 0 .-4 N\ 0000000H,-4H 
OIIIIIIIII

0 N'\N'\'0 HO)'O N'(0 UN trw ICH H N'ICs0C0 N H NNMN N 1'\NH N 4N N lCIrW 0 tr'CtJ N N H 0000 O.4N'\H 00W NCr) Uo.4-4a'. LC\'.0 NO) a'0 H H N IC	 ..Zt_'L("0 NOD OH N4' HIHHHC'JNNC'JN	 NNNNNNN'N'K\N' 
IIISIIIUUI	 IIIII'IiiUU

Lr'N4(0 N NO NN'N co -4 0 .r\(--4O) NN K .4-lc0 tt'ICN H .4 N N' NO N trOD H.N0 K 
U'U'I00'.O 

111111	 lUll

N 4'0'..-I 14 0 N\N 0\N 
U-O K'O) 
'0 0'g	 a' 
'0'ONC-N 

I	 lUll 

1t 

N

0'0CC) N'OdLrs4'O) trsC'.N K'0) N'0 0 r(\'N0 
N 0"N CY'.0 N\'0 HSO N 00 N lC'.0 NOD 0 H N 0000000 H H H 
0,11111111

If'N 0\lfSO.tIJ'IN LtW N'0'o 0'.00)Q)(0 Cr'. 
a'O) N-.0'0'0 WsQ'.(--Lr' L-0 NO) a'0 OH N H H H H H H N N N N 
1111111111

C'J'0 ON1f't-O) H N N tf'Ci'.tr'HCO O.4'Lt\ .4N 0 Q'.fO'0 0 K\N tt 
.otr'.tr0 (---(y'.O H K's- 

N N N N N N N $\P(\N 
1111111111

f'NN"040'O(c I(\(0 
N.4Lr'osU.4'0 O-. O)N'-0 0 f'0 f'O '.0 H trOD 0 IOuO) 0 N'sif'(0 If'trIf'tr'. 
1111111111

0 ttt,-40'0 0 LSIH'O H (-'-NCr) K\ 0 I('.trCO ".O'.0S0S0 N 
1)111 

N 6.,

O Irlu-'.N H NN".4'tt'.H ttSO'.C'.J N'OCZ) .-.4 ,C\..rj' N 0'N O'.0 N'0 0 If'..-4 0 ON N'.'0.NO) 0 Hl 0000000 H H H

0) IfSH.440 leW If'N HO) NNa'N0.4N'I 
O) 'O tr'-the'K'.N'0.4'N .4-Lrs'.0 -co c'. 0O H N H H H -I H H N N N N

NH I(\N'sO U".OQ\0 If'. N t4zi'.O CSN OW N'.O 000'0.N H l(\'O LrSN U'.'0 NOD OSON 
N N N N N N N N IC\K'.

ON IFSL('.O".H OW Lt'.N  Ha"0	 ('tN'IN\N a'H IC\'0 0\N trOD H4- N-O\HK'\'0O)O I4'\U dIf'U'If'

r-O).4(0 Na'NN N0'.N.4'0 U-'.Lr'0\0S0 
0111111111 1111111111 1111111111 U	 111111111 I	 IIII 

It' 
H

0HC0 a'HCO'0cO 0" tf'OsCtJ 0 NZNO) N OSN OxO.N LC'O".Cr'. OON N".0 NOD O".HN 00000000r-IH 
OIIIIUIIII

.4-(---NN P(\NU	 K\C'. N'0 N 0 a'a'.HO)'l(\C0 '0ztK'N 0 a'O\N ON -.trr0 (--(0(0O'SO H H HHHHHHHNNN 
1111	 111114

H 0'0 CO '.0 6,0,(7"4 N 
trN a'N'0 tt'.tr000 N U'.K'.O	 04(0O)'0 N N ,trW NO) a'H NNNNNNNNNM\ 
1111111115

N H 0'.N'IfOO If'.HH 
- a'NItZIdN 0'0 H . NCr) ".0 H N H.zt.4'Lrs K".Lr\NO e'.J-.0'0O)0 N 

4(r'.Lr' 

IIIIIIIIIU

a'trtc'.r-O) pc's-ztNO) H 
It'tt\ 
4(0(0 ON 
tt'L$".00 
11111 

H 
6-,

O K\Lt'H NH.4N Nt . Ir'.O'.H cWO)'0 N".t-C'. N O'NO) O'.H-z±CZ) N C'- 00 Ctj l4'\If'N(0 (f'HC'J 00000000H.-4

NH o".0-.a'ut'aO(0 NO'.H'0 H t-tr'O N N N'tH 00) Nu\4OD U'SN U'.'00 NCr) (r'.O'.O H H,-4HHHHHHNN

H O'.N 0".0 Lr-'.OW U'.N\ - '00) N u-'.o4-.o o\u-'tr' t7s'OH Qs'0 NO)'0 If'. H N	 -.4tr'0 NO) 0. N NNNN NNNNN'

o'.0)Z0 NO 0 N	 H -4 tr0 NNNLr'.H LrODO) ztI(\N HO Cr X)'O4'N - N-0O) 0 4 IC'.If'NCr'. -tf4-

trs0 NNN UN 0 HO If' 
0(0 Ir'NO) H oi4(0 N It'.Lt'.LCSItLFS 

0111111111 1111111111 1111111111 1111511111 11111 

• It' 
0 6.,

O Hr-NO o'.00)If'.zt . a'tr'.N"OO)-.'.t0) O"0'.0 Lf'a'0'0Na'Lf'NNN\	 N H HHN'\IrODlr'N N C'.NCO a'O CN.0 0 If'.	 0O)'0N OCX) HO) If' 
00 N It'Ir'NO) 0'..-4 ('.1	 r±.ztIt'.'0 (--aDO) 0'.' CY-'.O 00000000HH	 HH.- IHHHHHHN 
OIISUIIUII	 1111111	 U'lU

HCOCO H UN.4O)O) Ci'. 
ONUN HN'0a' NO) Lt'N 0*0'.0'0 P('.O H H N N'ICe\4(r.0 N(y '. NNNNNNNC'4NN 
1111111111

4Na'tr'.NO) HI)) NCr) HNNHO)N Lr'.4H1FS 
0) trc\ 0'If'NO)-.0 Lf' 0 N4(tSNa'O C44(t'. N' ".4--- 
IUIUIIUIII

'0 N".a'H a' 
'04(00 N 0 Lr'a'N 
NO) c)'.H N .4.4U'.I(' 
I	 11.11 

o 6.

0 0'.'0 H N-OW NNNtrOD 0'.IC'..4-OD Lr'OD'o N C'.HO)O) c'..-I4NH o ON ,t'Lf'-0O) cr'.0 N 00000000H.-4

0) It' Usit'sO H'0 a-'.'0"O O)H4O) It'O) K'. K\4 If'. Lt'.Ct'O NIt'N 0 I(\Q'.If'. 
N'\4(rs Ir'.'O NO)a)O) . q- 
111H .HHHHHHH

'00) H	 O)a'ItsC'-  Nc'.0 H Nzf U"-O N H NCt'O'0 N H O'.0 H 00 H N N 1e4U".U".N 
NNNNNNNNNN

rt'CO4(0 Lrsl(W I (--4 0 Ct' rt'H'0 NCr) ID HID 04(0 H4NO (0OH It'..U'.N(0 Q".H 
N	 K\K'.N'4

N". O) K'.tO t' 
K'. H NQ".N N4Lt,0 N 
N 44 

0111111111 1111111111 1111111111 IIIIIUUIII 11111 

'
04(0 HN U.0 N Lf'.N O C"0 0'00 H 0'.N H N NN.-1 NNNNG'.H 0 OH ie'.4(f'0 (--CX) 0 
999 00 00 00H

co N'-0 Q\H NO K\lt'N 
40) N N4-1 0'-'0 H'.0 
tt'0'.'0 N 0'.'0 N IK'.H'0 H H N N'.('Ir'.Ir-I0'0 HHHHHHHHH.-4

4tt'.a'trU.0 (--N 00 
NO)4HO)ItHO)'.0H 
N NPt'a-40 osNK'0) NNO)O) (7s0 OH N K'. HH.-IHHNNNNN

N N".H NN-O'' '.0 H'.0 0 t'trS0 IP.N0) 
N t--H,0 04(0 N'0 a' Lt'.'.0oX) O'.H N pt'U".'0 N (\JNNN	 IC%N'IW

0 trODO) 
 Ct'N Q' K.\'0 

O".O H K\.Zt 
K\444 

0 

it'.	 it%	 it' '.4NN'4U'.LC'.'0'0NN (\) u'. L--NLr.,oO)O - N4(OZ)ONIr'COOLrI 
O)0)O)C0a'o'.O'.a'.a'O 	 0000HI-IHI-4NN

Ott'.Oit'.OirsOirsOIrs 
N'	 4ItLr.0'0NN Oir'.Otr'.O O)O)O'.C'.0 

L

O .	 .	 .H H.-4HHH,'4HHHII HHHHHHHHHH HH.-IHN

El 

It 

4 

0 

4 
El

0 '-4 
El 

COO 
HIZ 

4 

WI. 0 11. (-IN 
ll El ZH 

0 0. 



NACA ARR No. L4129
	

51 

0

00'0tQ.-4 w'0NC\NOK\'OCJN. I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I 

8
,r0 iI'C'.J 0 U-t(\'_cO 
C'JQCJ0NOHN.U\

0_.jCM Na) t-tr'C-ci.rs 
'SON.	 C,jN.

I	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 1	 I 

I

I	 I	 I	 I	 I	 I	 I-	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 I 

I	 I	 I	 I	 I I	 I	 I	 I	 l

I	 I	 I	 I 
I	 I	 I	 I 
I	 I	 I I 

q
0 H (\J_.-.O r-Oo CJ4 
0000000 ,-1 H H

'.0 t'-.CC) OH C-.o N 
H H H CM CM CM CM CM CM CM

I	 I	 I	 I	 I	 I	 I	 I,	 I 
I	 I	 I	 I	 I	 -1	 I	 I	 .1	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I 
1111111111 lit	 1111111 11111 

0111111111 III	 1111111 1111111111 tIll	 I1	 1111 11111 

H 0 r't'-CMtC%j Na)j' CM a'0'0O'O NNSO N.Osa) 0 K'C(\CM O'O'O OsKsH H U'SK\U's0 Lra) I	 I	 I	 I 
U00N\Ol'a)Ha)' CJCM'.ON'0.-i(O0Cs 

OLISOItSOUSOU"NN.
CM.N50U -".O	 rSHN5.

OsN.I0CJOsQ(5. 
0K'sHCMSO0OOsN'CC\

I	 I	 I	 I	 I 
I	 I	 I	 I Cr5 

I
CM0Cr5CMCDIf'U •5N.N'0 
00CJlr'CO HCMCr5 N(O00.-lCM ftCt"ONa)Os0.-lCM K	 0a)ZfN.N.N5 I	 I	 I	 I 
000000 11 H H CM CM CM c\! CM CM NSI5CS 1(5 .................. ..KS I(5CSJ	........ 

H H I	 I	 I	 I	 I 
11111 

0111111	 11	 I 1111111111 11111	 liii	 I . 111111111 Ill-Il 

HOLr'0'0a)N..00M OOHN..t'0zt USN.N.K\N'..±00HH 
1(550

CMOCMHOO"lr'USt 
CD H'0sO Ct'CD USLrCO I

I	 I	 I	 I 
I	 I	 I 

US
us H U\	 NS'.O cyst-ut' 
CM 0 KSKS0 '0 KSH 0 Os

N.KSN'.O H H.za) (Si CM
 

N'0CCM 0 N.tCsLrs0 N.0 l(\U''.0 N. N"O_0 
MUM 

CFSH
K USOsUSO OsLrsO I I	 I	 I	 I 

• 0 H CMN.(D 0 CMtt' Na) cysO H H CM CM 1(5 CC' K--.-N" No N.	 0 PC't NLts I I	 I	 I	 I	 I 
KS 000000HHHH HHHCMCMCMCMCMCMCM NCMCMCMCMCMNCMCMCM CMCMHHH00HI I	 I	 I	 I	 I 

............................. I 11111 
4.t 0111111111 1111111111 111111	 1111 111111	 I 11111 

lCslCuK'(.0C0Q)CD CM H N. 
LrNsosHa) N.KSCM

t-.-Ia) N.z1".O H Us Oscys 
--S-- 

  utSU'soslf'0)
'.0 t-K\H K.OztN'uO.KS 
COtN'.O H CM N.N5OsUS

N.LruH5O H KSUSN.0 
MS0 KS0

H 1150 N. 
N.CMCCS 

US CM 0*OsO K'W CM 
0 H CM-'0a) OsH (5j-

ICSHCM N.H IK550 OSH 
U'55O'O N.NWcoa)O c'.

tCsu/s'O NCDC0 N).tOs 
os05a'

HO N.H CM 0 U0CM 
a) N.LrCM 0 t-tH CM

KS 05CM CM CM 
'0050CM O' 

CM 0000000 H H .-4 H H H H H H H H H H Hr H H H H H H H H H H H H H H 0000 OH H CM CM 

o IIIIIIIIII IIIiIlIII 
4 

CO HCD'O 0 IfS(ysOO) CM KSKSN.K\0'O CM as pcs'0 t'-USH I15I15CMCM US N.0 00	 'ur*.0	 '0050 OCO 

CM
Lr\a'CD'O PCSt.-00d-Ostc\ 
CM 0 LrSN.Us0'0 1150550

H N.CMNSOW 'OH 
CM asN.'Ha)'O H0 

12 
H.

l\.USD1 N.OsNSCM USCM 
O..dW CM CrC) KSN.05'

LrIJSO K5KSH QsN'.0. 
N.cs0,csN.'O.4a) H

N.H t--CO CM rSUSUSU's 
I 0 HCM..*N.OsOCMI15U t-t'-CZ) OsOO Lrs.s.SIrs'0. "050 N.'0'.O'0'0 U'. P15CM HO Os 

Q.i 000000HHHH HHHHCMCMC\JCMCMCM CMCMCCJC(JCMC'JCMCMCMCM CMDJCMC'JCMCMCMCMC'JCM CMCMCMCMH 
0111111111 III	 1111111 1111111111 1111111111 11111 

N.4C)CM CM CM'O 11S 
USCM P15CM 0 .rsUSOO)

oslr'U-sN.N.ur'CM pe'.H 
CD'O HurH prysOa)

t 11505H 050 '0 N.4C) 
a) C----tH'i) cySt-CM H N.

p15 LrC)CD 0 H Cra) USH 
N.0 t'-osN.O osuf'QsH

0.O t'-tCM 0 05CM USa) 
US CM OsO P15N.ZO'0 CM '0 

N.N.
0 CM'It"O N.CDCDCOCO 
a)CDCDCDCDCDCDCOOZO

CDO)a)a) t-'0 US'K\O' 
a)a)CDa)cOCOCDcDCD N.

USH	 N.OSCM..dN. . 
N.N'0UsUs.zf-KSKSCM H

050 N.U'5IC\ 
000 HCM 

H
O OCMl(\US'O'0 
0000000000 0000000000 0000000000 0000000000 00000 

q.1 0111111111 IIIIIIIIII I	 111111111 IIIIIIIII1 II 

ost-Os0 USSOH O11-110 N.K's'0 N"OCMCM'0 00 ZtCM50P1SU.S() N.OHU'S 
HN.PC\CD	 ,C%U'SCM

cysNs-CM OH N.asôOs 
Of.C±H'O50 ursUsO CM

OKSHUSN. 
Cr50 NSKSH 

H
ZtN.KS'O Ct'CM P(\LfO 
(Si 05HSO Lt'lf'

COO H CM CM CM HO (JsN. LKSHSO HSO p.450a) .1 us QsK's'0 0 N5(S-CM N.00C)
-

USD1 QU'SHSO H'.O o--J- CD CM CrC) H 
I 00CM 1CSUS'0 Na) 050 H CM CM KSP 1(550 '0 N.t-Na) a) Qs 0 H H N KSK5.z.r'US' US'O'0'O N. 

'. 000000000H HHHHH.-l.-1HHH HH.-iu-(HHHHHH CMCMCMCMCMCMCSiCMCMCM CMCMCMCMCM 
0111	 I	 II	 I	 I	 I I	 I	 I	 II	 lIlt	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 1.1	 II	 I	 - I	 !	 I	 I 

05050 CM CCI OsUSOs'0 US
urC) N.N.Ha) CM 0 K\os

COSO 0sCMCO.±O H'.0 o' 
N.CM N.N'WJ-0'OO) 0

H OsN.KSUSUsU'.0 H US 
NS.zlsOa) OsO50 H H PC'

HO 1(50 ;c-4 trN.P15N. 
1150 ICsH USU"CM'0'0

a)a) USHSO - 
KSNCO'0 0 

ItS ('.1 asH L"-N.N.OSHPC\IJS CDUsHa)'Ha)0USH 'OH'OH'OCM O5N.CM-zt 'Oa)OsOHHI-IHO OS CD'OCMO 
• 
o 

O O CM 11511550 N.Q\O H 
90000000HH CM	 rC..O\0 N.NU) 

HHHHHHHHHH
CO ososO 0 H H CM K'.. 
HHHCMCMCMCMCMCMCM

US'.O NOsO H CM K\Z
 CMCMCMCMNSKC\P15KSCC\

1(5501(550Na) 05 
KSK\KS1(SPCS 

I 0	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I.	 I	 I 

0 Qs'0 H N. Os'O £'-N.N. 
U'SCO 0slCs	 Na) CrCO'O

CO 1151!' 1150 .-4'.O	 s-s0 '.0	 '.0 CD t. l pcCC000..zJ- OsU"sN. 
CO H.4a) pI'sa) KSP15 US '0 "--("\oH CM thr.O N.

1('C).-z..4CO USI15CO ,Cs.zf 
N.f 0 KSI15HSO N.'.O H

K'C) p sO us 
PC'H N.0SN. 

O
CM OSHCDCD OsHNH 
00CM $sufs'0a) 050CM

U'spISO N.USCM 0 P15cysU ' ,I5.ztLrsLC".0 t'-a)0)CO Os
H N.p15OM) CM H 050 H 
00 H CMCM K"...USII'SN.

'0 H'.0 0C) HN.O 
a) OHI('C.Zh.t\NCO CCsH

CM1JS'0 N 
(Ni K'If550 

00000000.-IH HHHHHHH.'IHH CMSJCMCMCMCMCMCMCMC'J CM (\I1\' 
0111111111 1111111111 IllililIll 111(1111.11 11111 

OC) H Cli Cr(.O CM USC'.J 
O OssOO'O OH 05CM H 
CM 	 N.N.NN.05H

CO CM'L) 05.-I CM 0 K'slC'N. 
.zjC) ('4 N.ttH C'\OH'O 
1150550 CM 0550CM USH'O

'USOsU'sCr.0 N.CM 00 
CMCOHO) U.SHCD'0 H 
CM NN'COS0 OsN.PrC)

CM PISH CM	 'CMO\ '0 HS00 K'SUS'0 USCMa) 
CM N.HSO O	 CM'O 05

0 ur'CDCD..d- 
CM 115CM as P1550 05H 

0.0 H PC'.US50 Na) 0 H H CM N5.'U'SlfCs0'0 N NCDCD (CsO 0 H CM KS US'Oa) SH CM pessr'.o N. cysO .-1 N'S 
000000000H HHHHHHHHHH HHHHHCMCMCMCMCM C'JCMCMCM	 r15KS$S 
0 - 

1(5	 US US
(15	 US	 U" 
CMUSN.1 CMUSSOCDO CMOCD0CMLt5CDOUS C-JSOUSOUSOUSOUS OCCsOUSO 

HCMPCCUSUS50'0N.N. a)CDC0a)O'OsOsCSOsO 0000HH HHCMCM P1SN".USUS'O50NN. CDa)OsOsO 
0	 ' H H H H H H H H 4 p-I H H 4 H H H H H H H 4 4 4 H H (PJ

V.) 

d 

flg 



52
	

NACA ARR No. L4129 

u

0O00K.-4- U0	 -OlQNN- I	 I	 I	 I	 J	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I 
0NNWN-tC-Ostrs I	 I	 I	 C	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 C	 I	 I I	 C	 I	 I 

8
J0CJ0r4N-iP 

0 -5 i\j'-O C---0 l\J..j-
'ON-	 -ldWiC\OSNN- 
'.0 N-a) 0 H (\L4'.z'.0 N-

I	 1	 I	 S	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 C	 I	 I	 I	 I	 I

S	 S	 I	 I	 I	 I	 I	 I	 I	 I 
I	 S	 I	 I	 I	 I	 I	 I	 I	 I

S	 I	 I	 I	 I 
u	 S	 I	 I 0000000HH.-4 ccjc'jcj 1155111115 IlIlIltilt CCIII 

lull	 511111
11111S	 ISIS 
lulls	 11111

ISIS	 Cliii. 
ISIS	 11111	 C

liii, 
11111 

10
1111111111 CII5IIIII1 Sills 

trO z00 N	 CJN- tW(JNPC\0USCJU I	 I	 I	 I	 I	 I	 I	 I	 C	 I I	 I	 I	 S	 I 00NO-C,-4 
C'-O p(	 sc	 -O

a)LtlPN-N 
M-4 H N (j H CW f O

I	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 S I	 I	 I	 I

I	 I	 I	 S	 I 
I S	 5	 I U.'.

(.J 01 ClJ O4coj H et- 
oNot-qs.-4M'rs -O.0(-a)0 N0a)0S(\NJN-w'. I	 I	 I	 I	 I	 I	 I	 I	 5 5	 I	 I	 I to 000 C) 000,-i H H 
OItliClSIu

.-4 H N c j c' N N N N i(\ 
IIIIIIIIII

lr%K	 ItsLr'N- 
IlulIulIll

I	 I	 I	 I	 I	 I	 C	 C	 I	 I 111111	 Cuts 
I	 515115511

S	 I	 I	 I 
CIII 

III	 Cl 
I lululIllul 11111 

0'O c'.r-.o 
U'.ON-QWHNOa)a)

Lf'.N0If\-5f\HQDOs aNW,(OII\PeC W	 I	 I	 I	 I	 I	 C	 I	 S I	 I	 I	 I	 I 
Its NON0OsLr'.itsNzt

Nt'.C'J'0o'.H 
lsN'OH)StsHCOK\0

-'O-ONW 
N-IrsucN-.-iHN-,-40

o'O	 I	 I	 I	 I	 I	 I	 i	 I 
11110	 I	 S	 I	 I	 C	 S

I	 I	 I	 I	 I 
I o H N-O N-Q'.H itsIt' N-0'.0 N	 -'.H C5L4-0a) 0 rts-.-I It"O

I	 I 
K'0, I	 I	 I	 I	 I	 I	 I	 I

5	 S	 I	 I 
5	 5	 I	 I N 0000000 .-i H H H H N N N N N N N N rn'. K	 LtsU"O a) NI I	 I	 I	 I	 I	 I	 S I	 I	 I	 C	 I to

0111111	 Its u.	 11151111 IllIllilIl 111111	 C 
1.-ill	 111111

11111 
15111 I - 151115111 11111 

0'WH sO N-HO 
.fsOa)ONt-O'.0c'.J'.O

a)'Oa)HN'O0U.sc,'. a)O -1ts.-I N5N	 I	 I	 I	 I	 I	 S	 I I	 I	 S	 I	 S 
U.'. N 0 N H It0It'.'0

HN0c7sN-N'.0a) 
H	 C'.-O'O-N N-i\

OOeWN-,-ia)ttsLcs 
l o'.a)a) O'.N 0 14 N N

-5.-I	 I	 I	 I	 I	 .1	 I	 I 
01 OS I	 I	 I	 C	 S	 I	 I

I	 I	 I	 I 
I	 I	 I	 S 

N
OHNSO-Hsc\US 
0000000 H H

 
-1

a)OS0NIt-a)o'.H 
4 H

K	 Oa)0I(sN-HK\ LtsC%JN	 S	 I	 I	 C	 I	 i	 I I	 I	 I	 I 

OIIII5IIIu
N N N N N N N it% 

lulIlIlIll
KLtsL(.O 

lIlIullIul
t- O\N	 I	 I	 I	 C	 I	 I	 I 

1151111 
II.-4IIII5II

I	 I	 I	 I 
CCIII 
III	 II 

11111111 15111 

0Otf\H 
Hd0t-H tr'0a)	 N-

0NUW5(S0'.0N HO	 K\ctslrs'O OCON-'Oa) I I 5 I I I	 C	 I	 I	 I 
N 0 N H ttso'C .4its-

OsLtW 000 O'..-OsN 
N '0 0'-O CII o-'0	 o-O

'(\N N N tCIN-0 OSO\N- 
N5H 00 H t0 o'.a) H

IJSS5\H N-It'. I	 I	 I	 I	 I 
Wa) OSt\ I 5 I I I

5	 I	 I	 I	 I 
I	 S	 I	 I	 I N OH N0a) OSH N51f\ co 47-1NLf'Na) O'.H s51r5r-OSH Ptst-0 K'.N I	 I	 I	 I	 I 

CO 0000000 H H H H H N N CIJ N N N N N'. K	 S(\N'.dCr'UI.O N trs`4,,'o
  I I I I C 

N-CO 0 	 I	 I C	 I	 I I	 I	 I	 I	 I 
OIIIIIIIII 111.1111	 III SSIIIISII

11111 
IIH.-4ClIIII

11111 
lulls 

11111111 11111 

IS'.
0a)HNr-1Q\OHU' 
U'.0OSScLts0VON,-4 

H 550L- U..O
H'OSOWsON-NH 

Nf'iOHN-0
-NHO-WIeWNO'. 

0-LrSCIIHK'sU.'O'.O 
'.0

t-000NCO I I I I 
I	 I	 S	 I

I	 I	 I	 I	 I 
5	 I	 I	 S	 C 

210 N	 Os 
 H N000 QsH pC\Us

.	 Cli a)J- H asN-cci Os 
CO sH N *0 N--CO 0 H

N\N N K'. LtsOa)'O N 
pcsusN-OsH K'. t-0 K\H

ON- I I I I 
0 H LrsH H I I	 I I

I	 I	 I	 I	 I 
C	 C	 I	 I 

H 0000000 H H H H H N N N N N N N'. K'. NW OSH-± Os I I I I I	 I	 I	 I	 I 
CO

01111155CC IIISIIIIII IIIIIIIIII
CIII 

IIIHHHSI
lull, 
l	 i 

11111I
	

1
C

1
I
C	

l
II

S 
C	 I 

H O'.'0 Ostli r(\HCO K'.K5 
UsO a--:tc'j H cJs'.0'O

H H-O 0 t-thr'H N N'. 
COCO USH	 05US.-I-

NO) 	 050W N IrsIrsOS 
0,^.:-N	 -H NCOCX) 0

a) HNl0 Os'000 .5 
 LtsO_N\N 05H N- I

I	 I	 I	 I	 I 
I	 C	 I	 I	 I 

NONH'OHN--ON-0 '.00LtsHN-NO'0N ttsuSt-HN-NS.rs 'OHI(O00505K\H i i	 C	 I	 I	 C H 
CO

OHN-0a)c.-I pcs'0 
0000000H,-IH

O) 0HNS4-Oa)o-ON 
HNNNNNNCIJN'IN'.

N-cClHKSN-0,('.0 
I

COa)05N0'.0'.Zt0H I 
'.0NO)OrIttsSO,0t

I	 C	 I	 I	 I 
I 

OCISIIIIIC IIISIIIIII 1111111111 III1H.-4.-4NCIJI 11111 - 5	 . . SIICICI 11111 

H 0W.-1,-4N- 
LrH0N-C-q-0 HU"N

N-N N'H Ha) U'.USt(sN- 
'0	 N-N- OsC7s-Itst---H

00 Ir'uSCrH 555CC ON 
COU\O'.HHO

14 OU.5 p(\C0a)a)'O 
CC

N OcjC0 0 
It' ClJO NSH'O H OW OsIts OsP(\O)-Ha) N-'O

aso-s'-0 Os 
N'.H OsOsosO Cli N-Na)

K\OKSI55N N NN K'. 
N LtW NO usO 0 NO

K5O)CII CII 
a)'.0 asK'. • 0 H N'.0a) asH N a) OH 555(tsOCC qs N 4s0 N-OsHC-0 5(5 0'. N-ItstIt'N-0'O.r'O H HcsJ Us O 0 000000HHH H CIJC'JNN NNNI55N' K	 I55CC\U5IS5US '-0 Na)O5ONNSU\N-O N5N-N0 

011111	 CIII 11111	 11111 111111111	 I III IHHHHHN N (NJ I(l.-'F' I I	 I	 I	 I	 I	 I I	 I	 I	 C	 I 

H N'l-Oa) 0 sO'.ItO C- 
ctcHHOs.0 0 USNH US

ICNN W\0N-H 
'ON	 usNa)N'Q

COO) N NO N-W S(SN 
USHN5QsH QsItl-O p(5

O'.OSN N-0t'Oa) N-N- 
v(50 OsH KSa)O u'O) $5

CC $50 US 
N-'ON- 

o
NO I55N N-I5O OC,J'0 
OHN0O)0(sJ' g

"coo 
55,1CC K5Os'.0_N O'.O 
Q5ONK\LfsN-QsOHN'. Da)ONtN-ON'.OS

HNO) 0 Ost-C'J s.O 0 
'0 KSHOSO	 sHNSt-

K'. N-Na) N- 
H-0I550 a-' 

0000 OOHHHH HCIJNNNNN$5I55I55 -IrsLtsuS 'ONCCa) Qs0H$'.ftr' N-COON NI 
0111111111 ililuilili lIllillill IIIIIHHHrIH HHNNN I .. 11111 11111 

04CZ) H N r"0 N 
U N0 Os'.0 0'0 OH CSC'J H 

('I N-N-H N-N-N-N-O'.H
a) N'0 OSH N O N\It'cN- 
zW N N-H Os'0 H'O 
$50550 N Os'O N U.SH'0

tt'its'O N-N 00 
Na)Ha) ttsHO)SO H 
N N-$5CysO OsN-N'.a)

N 'Will-  01 	 NOs-z '0 H'0 0 .euS-0 uSCSJa) 
Cli N-H'0 040) N'.0

0 IrWa) 
N $5N O'- 
$550 0sH . 00,-I $5.4.r"O N-COO 14 '1 N K'.I55ItSI55'OS0 N-N-Wa) OSO OH N K'.

Os ir'.'.0Q) Os I Cli S(\U5'-O N- QsO H $'ct 00 
9 
.0

 9 9 9 9.1 H H 11 H H 
1! 111 H HHHH N N N N N N N N C'J $5555555 

0

U.' us us G\ts'OQ)O N	 OO)ONIrCDO US OUS0t5501fsOLtsOUS OttsOctsO 
HNK'.USU.'*O50N-N- COca-ICO	 so-osO OcjOOHHHHCIJN $555	 USIts'.0'0N-N- C0W 05050 
0 H 14HHHHH14HH.-4 H,IHHH,-4.-IHHH HHHHN

0 
.-1 

CO 

cl-I 
z 0 
i-I 

to 

C) 
H 

COO 

0ç4 

0 
C) 



NACA ARR No. L4129
	

53 

0 

C, 

0 

E.

o	 OO 0 N 	 - 
O r-N 0	 --04a) rO C-I\ C-'O K'.'0 (4 N 

O4j Na)	 C-ar'
I	 I	 I	 I	 S	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 I

I	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I	 S	 I	 I	 I	 I	 I	 I	 I	 I-

I	 I	 I 
S	 i	 I	 I	 i 

8
N ON 0 u'O H C-U 

0 8-18  C- 0 N -
-0 NH	 N\0sCJ N '0 C-0 0 -1 cj_-0 N

I	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 S 
II	 I	 I	 I	 I	 I	 I	 I	 I

I	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I.	 I	 I	 I	 I	 I	 I	 I	 I	 I 
I	 I	 I	 I	 I	 I	 I	 I	 I	 I

I	 I	 I	 I	 I 
I	 5	 I 
I	 I	 I	 5	 I O0000HH ,-IHHNN-NNNNN 11511	 StIll 1111	 SIll	 I 11111 

011IllIlIl 
I

1111111555 -
11111111I5 
I	 I	 11111111

111111111	 I 
I	 ISIS	 1,11	 I

51111 15111 

O N -lC\O	 .0 N\O K\ .-$'.0	 NOlt'-I U\ H NQO0 NC-.-4 
a)NO'

N\Ii5(N N N'LZt 0 I	 I	 I	 I	 I 
I	 5	 I	 I .5 

it'
ONs p(\ONa-a,-1 N aOJa) OONK\Lt.)NC0O\O

a)Na)	 N\O1t\ Ha) N H'O KNK' 0 00\OH,(\NN Lr'c\j t0	 'OONCO
.r0'O'ONON'0,I 

',1 'a N	 0.01t'a)sO H teO$-Hit'a)H'O
 I	 I	 I	 I	 I 

I	 I	 I	 I	 I 
S 000000000H H	 IHHHN NJ -Z L	 'O'ON-NW 

t oII;iiI;I III;;; - 1,115 
I	 I	 II	 I 

it'
Q\lt'it pc\O N'O a)tC,-DOa)'ON 

IrIOa) N OSOS

1t'LFN Na) Oa)N-OC\N'0 l(\C-N NN H O\Lt'H
It'Na) N N Pt'N "N", N 1rNNOae-oOasas 
a)	 H0) N

KCJ U0	 NOtt'N I 
0	

' Hs'it-Na)$\ I Lr-0.O cH u- I

I	 I	 I	 I	 I 
I	 I	 I	 S 
I	 I	 I	 I	 I 

pc-i O0Nlt\it"0NOSOC'J Lt'N0' ONNQNLtOH Kit' N0?t\'Oa)O I 1t'Q-O'O NNNC-a) I
I	 I	 I	 I	 I I	 I	 I	 I	 I I 00000000 H H H H H H N N N N N N I 11111 

OIIIIIIIII • I	 IllIllIll 1111111111 1(1111151	 I 11111 
I I 15111 

UN C-O'a) N'.) tt'H q-H'.0 it'NCJSO NNK\N
it"O it\O(0 N N0* K'i'O a) O\N NNa) Ni '.O'0 H U'Ntl N'OS0 H N'O HCO N.O'0'O N±tNa) Na)O it'N '0a)a) ,(\Pc'O N 0 QO C-a) a4-,s' lea) it'U- 

N C7O it"Oa) pt',-4 N '0 O'it'N 	 N o- \1110, st'0a) u.sl'iO t-ir'0 -N0sO O-0 N'O N CO	 HCO Lt'0 H N'-0	 N
'ON NO H 

C-cJ' N I 0 ON l(\tt-0a) 0 N 000O0OHHH Na) 0 NUN(0 0 .-4 HHNNi'4NNNKW\
ON It'N(0	 it'Na'. uC-C--C-a)a)a)a o-a-. 

0111111111 11111,1111 IIIIIiIII IllIlIllIl II	 I.--
I II 

N H N'-O OCOa) CC\5(\ H N'O'O X)'.-it'ita) H tts 000 000N'0NO Nthr'Lr\N H it'
(X) H tt'C-Pt'0a)a)CO C- a) Ir'a H Q.U"N OCX) C-ir4-M\K\PC

0 cJ-.aLt'tt"0 a---0sO iti 
- a) PC\NNOa) PC'i-.--X'J a-,'O--I it'

H'iCX) 0 Na) N C--H N N 
a) oo a''-O 

N
N X)'ON 0 H tt'H 0 C') 00 H lt'LFt-O C-QH It' a) st'a)H a-O'0 N CO Lt' NCO ON pe,Lr,s000 0 it'N H sC',U"OCO 0 PC\'OCO Pt' CO lt'CO It'CO K'sC-N NH itN	 CC OO.-4HCiJ , ooOO000OH 
0111111111

HHHCiJNC'JNNC'JN 
II	 I	 IIIIjIl IIIIIIIIII IIIIIIIII .-I.--SH,-I 

I I 11111 

it' Pt'COPt'N-NN'ON. 1I\ja) C pt'OsH Ha) H
0)0CC CHN'ONN0 
CI-,It'H	 t' Q', C-CO H0 LC'NNHNN0$'SO CsIt',-4 Mg.

NNIr*-O ON HN H'O -NCC 0 a) H OH KCIJ	 '.O 
co ON\N 

H N O0a) NO Lt'ciJ Pt' U\It'H	 NNSt'Na) Pt' LANa) 0 NUNa)
LAN O'0NCO iA-a ON PC'L NOsHi0 0

LAH N pCta) ut'\0 0 
LAOQK\C) N C-H'O Cj'0 NC- 0N'0 

I OH C9.6 t--  000000 HHHN N N N N	 NiPt'It' U'.t" '0 C-C--NCCa) CSCNO 0 H-I HN N 
OIIIIIII1I PIlIlISIlI IIIIIIIII IIIIIIIIHH .-S,--I,-I-4 

I I	 I I	 I	 I	 I'S 

N it'It'NH 00 HO\ LAX') H ct'it'QH H OsLt'CX'. 0 C--N N\N Na) -t-cm 
N 0 CW'0 PC\Ki0 0 H'O LAu, pt"O 0'.

H C') U	 O-sit'-.-4 N HH C-CO H'O Hz(-C NC0 0 u CO O'0c')a) 
N OIt'It'HCO C-o-st'O 0 LAN OsNtriNCO it N CC-iAIt'N HHHPt' Na) 0 NO OsNtC',

C)H 0 HN LC'CO N'0 O'0 NCO.0'O St'CX
H NNCZ It' 
'a N O\tt'N H $ 0 HNNa) ON i('CO 000000 HHH H H N-tANCH N It'Lt' Ti N N NC') 'Pt'Pt'Pt' 5C	 (ALALA 'a NNa)a) CjsO 0 ,-IH (J pC\Pei-Lrs 

10 OIl	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 II	 I	 I SI	 II	 I	 I	 III	 I I	 I	 II	 IrIHHI .-I,-4.-l..I..5 

I S	 I	 I	 I 11111 

Na) iAiAHC\NUa) CC) It'H H  MN pt'N'a C- N'0 0 0 LAUi-4 cer±O',its O 0.jO 0 t'-csJ a-COO C--CC	 OHt'O'a '0CC Lr-O Ha) N'&ztO C--CC K"4- c\i a-	 ca-. it' •
Lt'H pc\'O C'Ct'O-N it' NO Pt'CiJa)Pt'tt"O H

it"O.r±o-,.-4N 0 CXO'04C') HC).th-4 CO it'KiN H OH N4-C'J N'0-tLAO Na) C') aa' i-i LAX') r-4 ciJ 
O I 0 H Nt'000 0 C'iC-- 000000 HH H Q\PI st'Oa) 00 N- 

H C'JN N ('IN	 5t'5t' it'C-O\H N\Lra) H M\C Pt'St'	 LtLALt' U'i-la) Lt'IC0CC C-U 'a NC-CC) (70 OH NIt' NIt'K\ U'a Na) 
0	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 I	 I	 I S	 I	 I	 I	 I	 I	 I	 I	 I	 I I I I I IHHHHH HHHHH 

I I	 I	 S	 I	 I I	 1 . 1	 5	 5 

HPt"0CC 0 (NO\K\'0 C-- N,C%LztN Pt'O C--H CCCX) N NO C-4C0 It'N iAHIt'0H	 It' QsIC'C0
C\OSN C-O'OCC NC- lAO "Hlt'CC 0 U'O) Pt' CC N'iO Lt'C'J OC- it'H H 0'a 0 iAN H1f N 0 PAN C-lAO 0 N'a 0

'ON LASO IANCCN'a SAC) SAa-.0N 0'-O N H IA Q'0 N pt'it'C-o-,O
QNK\dLt'CN -Oa) 0 N.C-O SAC"

.INa) 0 ot-cij'a 0 'OSAH c',Q') asH SAC-- SAC-NC) C- HID K\0 as 0
w

 
-	 W

OH Nd"OCC N_'a 0 0000OHHH-I H N NNNNt'JIAPAPA ULAit' 'aNa)a)QsOHPc%iC' NCCONIA 

O	 I	 I	 I	 I	 I	 I	 I	 I	 I I	 I	 I	 I	 I	 I	 I	 -I	 I	 I I	 I	 I	 I	 I	 I	 I	 I	 I.	 I I	 I	 I	 I	 I	 .1..4,4r1H 11511 H.INCJCij 11(11 I 

04C) HN it'0 N it'N 0 cX-'a0'a0 HOSN H N NC-H C-C-C-NOsH
C) N'a	 H c1\14 0 PA pAN 

CCN C- 	 o'a H'a 
Pt' CCs'a N O\'C N LtSH'O

it'Qsit'Lt's0 C-N 00 NCCHa) Lt'HCC'a H N C--SAQ0 CsC-PACC')
N PAH N4%t'N-C'.- 'OH0 0 SAU'a '('Na) N C-.-I00 W N'O Os

0 LACOCC 
N SAN CCs 5A'a QsH 

0 0 H IA..±Lt'I.O C--Co0 H H N pcslA.tt'Lt"0'0 C-Na)CC QsO OH N PA Lt"-Oa) OsH N 1AU\'.0 N CC,0 H C(',_ 
000000000.-I H HHHHHPIHHH HHHH.-CCiJNNNN NNNCiJPASASAW\K\X\ 
0

it'	 It'	 it' H N P(\1Ai('SO'a C-C--
it' LA it' C'JIt'N NU'OCCO C)COC)CC QsOSCSOsO

C'J'OCC0N1t'CCOIt' 0000HHHHN N
Oit'OigsOit'OiAOif' 
SAPA.tIt'it"a'0 C-C-

0U'.OitsO CCC) CC-a-sO 
0	 - H HHHHHHHHHH .-IHHHHHIHHH HH.IHN

co U I-I 

00 

5-4 
8-.

5'-	 - 



00 N4.C*O -s-a'
O	 r'.	 0 -  

t-O c-O N'0 r4cO r' I

.1 r c-O	 t-rc-.l .-4	 0 
-0cu0 t-g.-I

In.1 .N '-ac'J 
U	 .1	 Oa'N c-t 
.1 .rg.-I .-1	 N 0 

-'0	 Kj u
• a'0'O K\CJ	 Oc-I' 

000C
N 0 Qc-D UN • O'O'	 MC'J .-1	 0 

osososasosa'Oses 0(0(0(0(0(0 

0 0 

0	 ---It'-0-aOO 
8.D KS .50*0 us

'0(Z) 0 N
us 
• 

0 N .1 a'K\,t-(0 c- 
Ci(0U5g a'gus KS	 0 os

.1(0 It(0	 0 00 0 

US 4)
(-0 (-.1.5 .1 c-nI 
a''c-3N.lO(0(- U .

•
-.5 1(5.10	 .51(5 

,	 a'a (0(0(0
.1 

•
0 d 

It'
00 (-00*0(Z) .l(0 
US0	 a'.10D -l.1 15.5

.-4 ts.l(0 (5It5a' .4 0	 N KS
US 

115
.1(51(0.5)511(5 1150(5) .1 
Ir'3J'0 (-a'- KS 1(5 115 
- (0KSrs.th-I'OCZ)

Os.-4'0 0 t-U-w.1 a'0 
a'	 USc-'0'0 ,so 

c-IrsKSO'0	 (--.-I a'('- 
• 

KS to
(-0 (Zs(-us1(s()J	 Z)'(-t5 
cla'al

r,.*1('	 0*0 CSJ'3 (('KS KSCl .1 OCO (--'0 us4rs 
cOa)(0C0	 -Nc-

S (-
00sC-0-KSC5J .-I	 (-- os 

• 0 0 

(iS
0(0 N 050 (-O0*0 Q	 1(505(0.1 (0

0 Cl usc-coO	 c-us 
Os O0.5.1(-a'.1 

.11154500)050 Qs1(S
u-s 

• KS
0*0-5(0 (5J'0 .1 c-o us 
.4COt-	 csju-s.-Ir-us 
(-0*0 -N N-rI Irc) (51

0 
c.ja' -QsKS50 

• 
KS

c-0 N- a'NrI(- (0 0)0) s-. a'a'a'ao
'15 

C
a'osa'0sa'a'Q' • 0 

US
O C5KS(t(-0Ol us 
t'0s	 r*JO 

..

K\(--(t'U5'0 K5U\C(J'O 0 00) (511 rc-	 u-CO
US 
.

IlSusMSNC50 0(05050
u-c---usa'N-

0 	 05.10-44*) 115 
ON 05,-I 0 uS(- -N-N'O 
0(--MS0'0 ItO) N	 US N 0*0.5054*10 

N5NX)	 KS N I (-- 05a' 0 
N QN0a'(-U' 

asa'a'a'0-C(0 (0(0(0
--0 

a'a'	 CsQs00(0
. 

Its
'3U5(0 0045 g .O5MSOC\.1 

EMU

N N4(0'D .51(5.5 
OSMS	 a'*)(- KS0(-

It' • 
(51

0	 N-USr40)(0 N(0USUSKS 
(-05	 USNO5N-

1(11-0 N(0 0O (0115.1	 0. .-4O(5j(--'0a"04ItK5 '0.1Oa'(-US 
N

(--0	 -1(50.5 
asOsa'0'a'	 (Z)

50 lt5454\NN r4C(	 0' 
0)0) (0(0(00)0

I 
4)

4•5I•I00S USIt(1((KS(5JNN 0)0) 0)0)0)50 50(0 
4)

0 ..... 0 

0(0 OsUStI Il5g 
US osKSSD'O

USa'N0) .0 (-NUSO 
cO (' (04-(-U'O 0'4t0.1 g(0'OOsNusPN.O (-00'	 lrSU-S

lts.1 .L-U*.0 U5N-U*.0 
N.1KSONNNrI(0 1(5.1(0 ((srI	 N'0ri 

•
(-USKS(5J	 qS(-U5 0)50

...

KS(S)	 (-US	 ('1 
0)500	 -c-c-c-

(0• 05050)50 U5KS	 o-(- 
cOs0s0-0)0) 

N
.10 04 QsCl (--1(50*0 .5.101(5.1	 U50-0) 
t-00) .1.105 4 '.0

CO .500) 0'MS(Si(0C0'° 
N0)Irt.0 ',4	

csJO*0 
(Si	 (--Os- 	 1(5	 0 
'0	 KSH5Cl.ICIOO

( 
4)

CSlUC.050 usMs.-I0) 0' 
0.N'0 a'KSCS1 1(50)1(5	 US 

a'	 N.505(0t

50UsI. I .1(0 KSUSN 1 
0)	 Cl 14550.100(51 .1
.5	 0sW5Nj(- U '	 (- 

MSNN.1 00005
a-. a'a'0*-ON	 os(5- • 9C0•99 CD .99 •Q99• 

• o00 
0

•90 .9999 0 

u
0 (-- USN .1)'.) (--Il*0 ((sa'MsusKs 40)'3

0 Itsa'a'O 11540) .4 (- 
O,1a)rl	 1(0)0) 00)50

US 
.1

0)0)50.5KS	 00*0 
U5	 '0	 -a'.-4 

I-a'	 O
0 ItO) N-4*)N-O'0 US sszg 

5-05'3 )	 0 N Cs) 
-((5115	 055-US

O	 rsKSa".0 
N5C'i	 00)50 US((SK\N I 00) c-US50.1 

(0 a'a'csa'a'OO)0)
LtK5OJO 0(0 C- -	 s-c--c-	 c-r--.o'0 

(0 000000)0)0) 9 54)
C C 0 1	 0 

Its .4 .-st--a'us-KS.-I 0 (SrI	 '0.1	 1(50 Cl 
00) USN(0 (-050.4

.t05'0 5D 0(0.505.4 (Si 
0*0 KSa'KSKS(S K*30540Os5O0

U'. • .4
1150(51.1(0.1(0.1 O. 
USUSa'N(0..*N'0 (-0QsC-MS(-rIUS '0

a''.011 
('4 N000)	 us usus 

.4 a'a'c-so4-I4s.4Oa'(-- 50	 KSJ.4.1.1 I a'05	 us4KSI15N 
a'a'COs050'0505a'

N(SJ.1.I.1'l.IrI(IIl 
QsoSOsOsosa'a'a'050' 

o O...
(0	 (0 (0(0(0(0

C
0 

050 050 K5W5 (--(SI US	 0 
USOsN\KSa' (-(0;KS	 g0c-'a' .51(5 ..4 os.-4uS(--00a'Or-I0)'0 .4(0.5.1 N5a"0't0) 0 (--4*4 s-4os4*J'-4 .1 

(0
(--a'(---a'USN'0a' .4 
O)(-USKSClC- Cl.1O05(0'3US4M5

I 
(0

C

N-Qs'0 (-.4 liSs--0) (-- (-usMS(-U5KS ""R500)50 .400)5-	 CSJCSI	 0 
• a'00sa'a'Os • 09 
do 

95!	 • --
......... 

.4
..sn g	 g((SO 050)50 
1-OCO .4.1 0)'0 KS 5(' ((5554 (54 .5 

0)0If• 0(0 0)0)

I 
1.-

.1 (-50 .1'00)'0.1 
1(5(51	 O05c--	 NSa' (-00)	 (--(00) usa' 
Q.a'	 4(5N.1 a'

a'.1(0.4 1(50	 0 1(SOKS 
o50(-NC045'. 051(5 
00)0) 5--c-SO	 .51(5 I-.

•
0s05s--'0KSrI 0 a' 
a'ao.a'a'0sa'0O)O 
d -.

• .s0sa'a'a'a'0a'O0) 
°

500(0(00)0)0)0)50(0 

us
a'usn) (510 KSKS(-<0'0	 KSH'0) 00)110 ('4 551 us 

a'nI 4155-us(-KS N (tsNS)(0 s--srs-5-- 
O((S

us 
• 

0
0-0)5514*450 .5ItS4 (S 
.54(0 a'C54 usO0) a'N\ (-0550

(--.-4 -4 (ts.I'0 usc--rI 
(51(51(0.10 1(sN-O a"O 

(SN 50(0 c-c-c--c-c-c-
I 

110
(-.5.5.4 0)50 

osa'a'a'a'a'05100)
.-4Os0)'0	 .5)54.1 
(0(0 (-(-(-N-c- t- (0

•
a'a'a'0505a'CO)(0(0 
0.0 0 

•
a' 

(-.1.1 
(--0(0

-v 

*0.5 0s-a'.1 KS- .l5J4500) a' KS0s4 (Si 1(5(0.14(0.5
US • 
0

0 a'(--0)C0'0 1-1.50 N USH0(-4K0) 05(0.5 
(-0(0Nt1(sN .40 00'

'0a'0 1(511.1 usUS4SD .14(0.4 USKS.4 (--115 

0 
4)

a'a'c-KSO 
a'a'a'05a'Os050- CO &(0 4. a'0'	 1(5(54 

o0a 999999	 aa 
-	 • 0

••••••••••••••••.
0 

0
a'N .10511*00.1(050 
4s.1 s--SD ((4 MS5--45(s 
(-0N0)-.	 (--'.0 .450

(-(51(0 .1.450 (--(--501(5 
a' 'Oos(--.-I .440)0 
((SC)) a'	 1(50 50	 (0 (- 0

a'Nrl QsKS'0 0.15050 
a'.1 (-'0(4 MS5-sus 

(-a'(-0)4 450 (-50
a'	 9t-t". 114

c-0)u5 
KS(S) 0550 1(5050	 CON- - 

(0 00) N-usKSc'J 0(0-0 N	 0)N-504s45J.-4 
(--c-C-c--C-- 09

54) •
0-0) (-.5.5(51 0)'0 
005a'a'O50'00)CO

(5)	 0-0) (--044554.1	 - N-• a'a'a'OSOSOSCO)COCO 
d 0 

0
050(0.411 a'0 N-(t\4 
usriN N (t54N-N KS(SJ

It54j(0O N-1C-- 
0*0KSa"0 KS05.	 KS 
(51500 KS(-.155J -N 0

050(0.1.1 050 N- 
. usrI t-Os5-

Ir5455J(040 
s .505 N'0OI4S5--rI	 N-Cl 

4. (-0	 CS)	 gC- 
QSa'(--5045rSN	 Q50) 5-5050 (1\KSKSNCl 5090)9 9999

44
C 0505	 54KSN S' OS))) 

a'Oa'OsOsOsa'QO)0)
5-*050 0)0)00)(0	 - • a'	 OOC,09 • 

.0•

O0S0a'usr4NIN-0 
'00) KSC-0s'1r4	 0 

(-0 (-OCO'0 (5)	 us (-(-(-c-SD US	 (0(- 
a'a'0*0 I(SN	 '0 45(5554.1005(0 (--'.0.5 
05050CC	 99	 9 9	 c-c-c .0C

O4osOOsus.lNKS'0 
.5	 '0 KS(-QSrI.1 
(--0 (-0(050(5)151.5 
05055-SO KSN	 '0 
050505050505	 50(0

005O 
0 (-(-Nc-'O us.N	 5-- 
I4S  

d 0 

US	 (15	 US 
t'	 us(-	 (54115.00)0 

0) 990sos05a'o.s0 $ .1(51K-54uSrC-D'05-5-
((S us US 'J	 8 50  

$
-

KS4515(150'0N-
.4

to 

4 

0 

I

0 0 

NACA ARR No. L4129
	

54 



NACA ARR No. L4129
	

Fig. 1 

2.4 

2.2 

2.0 

1.8 

1.6 

1.4 

1.2 

Yk

1.0 

.8 

.6 

.4 

.2 

0 

-.2

/ 

0	 .2	 .4 .6 .8	 1.0 P1.2	 1.4	 1.6	 1.8	 2.0 

I 

Figure 1.- The Yk functions against	 U for several	 values of	 the index	 k.
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