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C,P.No4-7 

A Family of Cz.mbcr Linen for Subsonic A~fi.caixi.ons 

I. Introduction 

'The Xe A. C. A, camber lixes ' Sesigne-7 to have loading uniform 
from t'nc leading edge (x = 0) to a station x = X, and wkth 
a linear variation ifrom this station to the trailing edge (x = I), 
at which the l0arki.n~ is zero, xrc widely uxd. Ibey have however 
appreciable curvatme over the ~CEIT part, which is of some disadvantage 
in practical ~pplicntions, This can be removed by modifying the 
initial design so thct the &sign loading is tcnl:cn to be tl small poszitivc 
quantity at the trailing edgo. The fruriiiy of camber lines Zescribcd 
in the prosent note are dcrivcd in this way from the ~T.A.C.A. crmber lines 
<ana arc stmight over tho trniling tdgc;o region. 

'The prcsGlTt ~?ax~ily src: convcnicnt for use with the INE ISO-10% 
smqetrical ncrofoil. scctionsL 2nd the cnmber lines which correspord 
to thcoe sections hove bcc;l &veri the ~zdrlitiond designations CIOO-C'iOC 
to bring out the connection. 

3 -e Jkrivaticn 

Tne camber lines have a first order load and pressure 
distribution xkich consists of a un-iform part from the leading edge 
x = 0 to a point x = X, vvherc x is tke distance along the 
chord line, and a lixnr variation from x = X tn the trail-irg edge 
x = I, but the thcoreticnl loa2i.n~ does not v=illish at the trailing 
edge. l'hey have been cnlcula-k:d mainly from the rlaCa of Table 2 of 
Hef. 3, with #some r;ssis';ancc fkom the &ta of %f. 1. 

Y!hc: theorc-kical trailing-c?@2 loadiq is chosen to give a 
close apyroxjmation to ~7. straight line acrofoil shape near the t~Sli.ng 
edge and. this slightly cxxrveii line is replz.cec3 bjr an actud stra.i&t 
line (see Appe:1dix nd Pd. ', . 9 j 

LSt C&f CR bi: the ;~Y'CSSUT'~ cocfficicnts for the UTXr 
End lower surf:*ce:: at 'a poiilt on the cxnbcr line rtix!l u u 
corrcspondirtg vclocLty izlc3xnents. I;.?zell on linctrriscd. tGor$, 

be the 
for 

a stream velocity ij, 



3. Co-ordinat es 

The co-ordinaten of the czmber lines are given in Table II 
and some of the shapes are shcwn i:l Si:;. 7. 

4. Pressure 3xd Velocity Distribution 

The tlieoretical pressure coefficient and velocity increment 
on the u;?pcr surface for a nominal ideal lift coefficient CTi = 4.0 
are given iii !ikble I and PigI 2. 

- 
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3 

Xefezences ---- 

Au -thor ( s ) 'ii-tie , etc. 

i* Ji* 
Abbott and Theory of wins sections (including 

. . . 7' ..I. von Doenho?f a summary of aLToi data). 
XcGraw-IS.11 kok Co. 4 st edition, 
.: y-9. 

lLj~proximate b-.w-dirncnsional aerofoil 
t!lecrJr Part IiT. 'The design of 
ceiztrclizzs. 
A. I:. C. C. i?. Yo. -/‘i , 
.., . 
IcZUXX, -i 9lc5. 
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Kcthod of Colcu1sti.o~ 

I,& the Pi fi C h 0-I. VI-* cmn'aer 1 ine ~:zi.th a unifo,m load 
distribution from x =: 0 to x = X and, a lim2.r variation from 
x = x to x = 'I with Lero load.ing at the trailing eclge and 
designed for CTi = “I . 0 hCLVC the CX~lEi%Li.Oi-i 

.a 

‘I = n(-. 
J I ,.x, x j* 

The camber lim with uniform loaii;ns alorlg the nhole chord with CLi = 1.0 
has the equation 

A cmbzr lint with uniform loading from x = 0 to 2: = x and 8 
linear loadin@ Prom. x = x to x = I with non-zero loaaing at 
x = I rued desigmd for C . = 

kL 
1.0 has the equation 

3 = .M(x, I:) f (1 - h)f(x, *i> 

where ? is a constant. lTTe now choose , A by trial an2 error to be 
such that the aerofoil has a poi3t of inflection toT:mrdo the trailing 
cage such that the targent at this point passes t!mough the trailing 
edge. Behind this pcint of inflection the aerofoil is replaced by 
its tangent. 

"hi.2 geometrical ;lodification changes the actual loacl 
distribution over the ember lice new the trailing cclge in such a vay 
that the load. actually falls i.0 zero at the trailing edge. This effect 
has been roughly calculated by thin aerofoil theory md it was found that 
the actual design lift cceIficient was 0.99 instead of 1.0. 

The values obtairei? for .A ,and the positions of the points 
of inflection, behind which t he ac~oi'oils are replaced by straight lines, 
are as fol:iows:- 

_ ” . . ,. _I “. ._-. -.- I .*/ 

x 0 0.1 0.2 0.3 0.4 0.5 a.6 ; 
_ _ . . ,_ . __. __ .- - 1-11.. -_ 

i 

ii 0.8595 0.863 o.%o 0.851, 0,8;;0 0. 848 0.859 j 
_ - -_ . . . __ . . _ . . -_  ̂. _ .~ -. " - I. -- .~ -I . _- : 

point of 0.868~ 0 Cl3 O"92 e iL 0.8699 0.8772 0.8721 0.8535 , 
' Inflection 
. . - " . . . . _. - - ._ .".. ._ ." I" ." . . .."." _ _ -. . . m' 
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, -_- -_I _. _ -.--.- I _I . “_ __ _̂  I . I . . . . “̂ _ .- L_I- - ̂ - . - .- . - .-_ *-. _ ______ ___--- -.- ---.----------.* 
t 1 
! , 

I 
x 0 IO.1 0.2 ,0.3 ;0.4;0.5 IO.6 ! 

I 
1 Designation 
3 

; Cl 00 . - 
t  

i __. _ ___.- _-_--_ _--__r--_. . “ - - - e  ”  . - . - . . . . :  __.-- _ - . -  _- I  -  _- - - . . -  - - - . - - - y  - .  ___.“___._:--___._ L --_ - - . -  - - - - . -  

j Upper swface i 
i pressure coeP’- 

i 
i 

i ficient from 
i 0.730: 0.854 0.m: o, 730; o. 682; o. 6b.d i 0.607 1 

f x=oto::=x i 
i--~--- I.- _ --.- _.--_-- --:---- -. .____ ,-____ ---- --_. _. -_-- __-.- ;-. - _ _.-- :- .- ---. A .-- -_ 

i Nominal upper : 
; surface 1p3ssure : i coefficient at 0.070 0.068 0.070 0.072; 0.075; 0.076. 0.07-i 

i 
i x=1 

1 

. _ _-. _. " II_-_"_-_". - __-_. -..-L . -.- .-.-..- --- --.- -_ __ _____ ___, ___ _ ._ .__ -, -. ---." . ..-___ - __ ,-v-.7 --- - _ -- _. 
I 

j 
t 

f IdeCal an&e of . i 
incidence 

(deg.) 4 l 3,, L 3 l 83 ~.J;y 3.28 2.54 2.58 2.22 i 

! - - - - -  

- - . - .  _ - . - - .  - - -  _ I -  . - - _ - - -  _---_-_._- 
-_-_.__.__ _ _ __ ._ .  _ - -  .j I  I . - -  - I - - ^ -  

-_- - -  
I  

- - - . i  

,  

I  __ ,_ , .  _ .  ._ _ _. _- . -  _ _ _ . .  . . _ .  _. 1 .  ._-  - .  .  . . _ - .  . - .  _- .  - .  -  _ . I  ^_ _~I. 
._ , _ . “ . .  

Table II/ 
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Ta-do II 

Co-ordinates of Ca~?aer Lines 

Values of 1 ooy CLi = 1.0 

)  . . -  I ”  - . - . - .  I , .  _ . I I  “_ ,  _” 1 ._ ._~ .l. .  “ I  .  ._^ .  .  .“_*_ - .  ”  *_-_ I  I -_ -  

x ]O 0.1 0.2 0.3 0.4 0 *5 0.6 

; Desig- ; c,oo ; 1 : 
\ nation i 

: -. -, Cl01 Cl02 i Cl03 : clot, 
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Table II (cgntd.j 

1‘ .--l-"--.-,-_--_l--.-II ^1.--,- -1.1_.- --I _- -_* _ _.__I___,I_, *̂ __-.- .,-~ ------------- I -__- 

i x : 

j ; 

0 : 0.1 0.2 ' 0.3 0.1, : 0.5 i 0.6 

!&sig- I c,oo ’ 

~na3.m ' 
.m I - Cl01 Cl02 1 Cl03 i Cl014 

1: j: 

x : 
I 

i 

f - - - - - - - - - I .  -  - -  I  -  _-_ - ._._ - - - - ! -  - *  _- _..___ -_ . -  _I . - .__-  - . - - - - - * - c -  .__ . - -+ -  - - - . -& - - . . - -+  

1 I  

i 0.44 5.8643 6.6727 5 7.0?&!3 i 7. -i 
:“.9:3’ 

839 : 7.085-l 
8 0.45 5.8;:38 6.248 
! 

6.6219 
0.46 5.7628 : 

i 0.48 
i 0.50 
’ 0.52 
i 0.54 
1 0.55 
i 0.55 
: 
i 0.58 0.60 
; 0.62 
i 0.64 
; 0.65 
i G.66 
: 0.68 
; 0.70 
; c.72 
; 0. 74 
1 0.75 
1 0.76 
i 0.78 
, 0.20 
i 0.82 
1 0. 84 
/ 0.85 
! 0.86 
1 0.68 
; O.$‘, 
j 0.92 
i 0.925 
i 0.94 

5.2lTj3 
5.:363 
5.0520 
L.0758 
&630-i 
4.4956 
4.2j:o 
4. ‘I ago 
4.003-l 
3.8656 
3.6441 
j.!;? 63 

2.91+73 3.3y27 
2.7075 : 3.1i76 3, ;o*i 1:. 
2.4G5o :2,yL 2,61&8 %.839"1 3. 0srJy 
2. 22C.L I 2.5580 2.7770 
I . 574-5 2.2750 2.4707 
1 .OJl- RC, 3 1 .a 7 ,i. $@ 2. .t I;20 2. :,I 63 
'1.7277 ; 1 .yos 2.1627 
1*4O'i3 1,7Oc,~ ~i.n!;~-/ 
i. 234 : ” ,256 
0.9875 
0. WT$ 

0.7406 
; o*y5 0 6172 0.630 
; 0.96 c&j8 
i o-975 O.‘;OCG 

t 0.28 0. a+<? 1 0.5875 0.?543 
i I.0 0 .o 
*._. ” ,” ..I.+.-L.----. . __ ..-I._. 

1.324 1.4218 
7.1375 
-1 . 0664 

: 0 g”7.l 

0. 6’5i4 0:7;&J 
0.5687 

n , . ~~Lp$8 
1.2358 
‘, l “1 58 6 
0.9268 
0.7724 
o, 6-t 751 
0.3962 
0. XJVO 
0. ., 93: 

0 

7.0750; 7.'Iovo 6.9637: 7.0730 1 
i 

6.8196i 7.0132 i 
6.7375 j 6.9738 
6.6493; 6.9278 

1 
I 

c;.4-56? i 6.8139 i 
6.2&29: 4.665"1 i 
6.0116: 6.4704 5.76Lt-Oi j 

5. 6y.,.-/ j 

6.2422 

6. I ‘I 79 
i 
i 

5.5020: 5.9877 
5.f-,?70; 5.7311 

4.33%; 4.7774 ; 
4. IGOb; i;-.6035 
!t. 0226 . I,., L;yJY 

I 
: 

j.7a17i 4,0?~0 
3.3749 j 3.7324 
7 -. 
7 
.-. 

2. 

2, 
2.0332 : 2.2470 
l&l+.&: 1.8742 ; 
4 3555 : I. -1 ‘Lvyj . ; 
q.rqoui I.4056 i 
-1. 0 I ! ':a // : -: . .; 1'4.5 * 
0.2!!-72 : 0.9;71 ' 
0.6777' 
0.1~236 i 

0.7457 

o.jjGyi 
0.4685 

; 
I 

0.3748 
0 .2’118{ 

i 
0.23)+3 ; 

o;o ; 



FIG. 1. 
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