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MACH IVUMBEBS 

By Milton D. Humphrey8 

~ r e s s u r e - ~ s t z ~ b u t i o n  data of the m~ 641-012 and 641~012 a i r f o i l s  
haye been analyzed t o  determine the effects .of Fncreasing the trail*- 
edge ang le  frcm 90 to 14OS 

The'primary effect  of increasing the trailing-edge angle was to 
decrease the loading over  the rem portion of the a i r f o i l  under l i f t i n g  
conditions. The difference8 Fn "ailing-edge load lncreased with Mach 
nmiber and lift coefficient . 

IPI'RODTJCTIOM 

A derivation of the NACA 6kl-012 a i r f o i l  having a trailing-edge cusp 
and t h e  NACA 641AOl2 airfoil havbg the  trail-  edge fonned bg st raight  
lines is presented in reference 1. The trailing-edge  modification r e s ~ ~ ~ t e a  
in a change in trailing-edge. angle ' frcan go t o  lkO 

The effect  of the change in trailing-edge angle upon the aerodyndc  
characteristics encountered a t  high su3sanic Mach n d e r a  by. tke two 
12-percent-thick  airfoils was discussed in reference 2 Additional data 
in the form of pressure distributions are needed fo r  l o a m  analysis 
and design work. The present paper presents  pressure-dietzibution data 
for  the NACA 641-012 and 641AOl2 a i r f o i l 8  and is supplementary t o  the 
force data presented in reference 2; Schlieren photographs of the flow 
fie ld  were made f o r  the two af r fo i l s  t o  determine  whether any sigxLfi- 
cant flow changes had occurred. 

# 

The Langley rectangular high-speed tunnel and the test procedure 
used in obtaining t h e  present data are  described in reference 2 .  The 
tunnel haa a 4- by U-inch test section and the model spanned the 4-inch 
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dimensian. The NACA 641-Ol2 and 6klAO12 airfoils  investigated had 
42 static-pressure  orifices  located  near  the  center line on the upper 
and lower 8WfaCf3S  of t h e  2--Fnch-chord  models, as sham in  ffgure 1. 
The orifice  locations  are given In table I. A camparisan of' the a i r f o i l  
profiles tested ie shown in figure 2 .  The ordinates  for t he  NACA 641-012 
a i r f o i l  were  changed over the rear 50 percent of the m d e l  chord in  such 
a manner that  they formed a s t ra ight  lFne front approximately the 
80-percent-chord s ta t ion to the trail- edge (reference 1). The 
ordinates  for  the  airfoils  tested m e  presented in %able 11. Pressure- 
distribution measuramenta and schlieren photographs were made at Mach 
numbers  between  0.30 and 0.89 for  angles of attack of Oo, bo, and 8'. 
The Reynolds nlmiber range was from 4 t o  9 X 105. 

1 
2 

C ORRECTIOMS 

The pressure-distribution data and the Mach  nunibere have been 
corrected  for tunnel-wall constriction  effects by the. method of refer-  
ence 3. No  correction has been applied t o  the angles of attack  since 
their  correction due t o  constriction  ia very small. No choking effects 
are  included in the data as  test results w i t h i n  0 .O3 of the choking Mach 
number a r e  not  presented. 

A dlrect comparison between the pressure-distribution diagrams 
obtained a t  varioue Mach- numbers for each airfoil is presented in  
figures 3, 4, and 7 f o r  angles of attack of Oo, bo, and 80, respectively. 
The pressure-distribution  data over the Mach  nlxmber range are given i n  
tabular form for the NACA 641-0120airfoil in tables 111, IV, and V f o r  
angles of attack oFOo, 40, and 8 , respectively, and fo r  the 
NACA 6 4 1 A O E  a i r f o i l  In tables V I ,  VII, and VIII for angles 'of  attack 
of Oo, bo, and 8", respectively.  Schlieren photographe are shown in  
figure 6 t o   i l l ua t r a t e  the flaw conditions  about the two a i r fo i l s .  

Ir 

DLSCUSSION 

The experimental  press=-distribution diagrams for  the NACA 641-012 
and 641AOE a h f o i l s  a t  0' incTdence and a t  Mach numbers  of 0.30 and 0.65 
(fige 3(a) aqd 3(b) ) show a slightly  higher  negative presaure 

the normal section than f o r  the 641AOl.2 a i r fo i l .  The same general  trends 
are indicated by the theoretical  pressure  distributions fir these a i r f o i u  * ,  
(reference 1) . 

- 
' coefficient and, a t  the trailin@; edge, a larger  pressure  recoveq  for 
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The pressure recovery on the two a i r fo i l s  was the same at M = 0.81 
(fig.  3(c) ) The maxhum negative pressure coefficients were airproxi- 
mately the same at  M = 0.85 (fig. 3(&) )  he larger pressure recovery 
sham f o r  the mAGA 64iAOl2 a i r f o i l   a t  t h i s  Mach rimer, in   contrast  t o  
that for  the low-speed conditione,  can be at t r ibuted  to  the 108s extensive 
separation ma narrcswer d e  f o r   t h i s   a i r f o i l  as Shawn Fn t a e  schlieren 
photographs (fig. 6(a), M = 0.85) These favorable  effects produced a 
&ag coefficient f o r  this a i r f o i l  approximately 20 percent-lawer  than 
that  sham f o r  the NACA 641-012 a i r f o i l   a t  this speed  (reference. 2) . 

It was  pointed out in reference 2 that  the NACA 641-012 a i r f o i l  
produced a higher  lift-currre slope and, under lift- conditions, a 
greater  variation of moment coefficient w i t h  Mach n ~ b e r  than the straight- 
t ra i lhg-edge  a i r fqi l .  The experimental  pressure-distribution data f o r  
the  a i r foi ls  a t  moderate and high angles of attack (figs. 4 and 5 )  
hdica te  that the  larger  loading near the trail- edge, and in some 
cases  near  the l e w  edge of the cusped a i r fo i l ,  produced the higher 
lift-curve slope sham in reference 2 throughout the Mach rider range 
f o r  the NACA 641-012 a i r f o i l .  

The difference in loa- near the %miling edge increased with 
speed up t o  the highest Mach  nlmiber of this investigation, and, in 
general, the differences in trailing-edge  load of the a i r fo i l s  became 
greater as the  angle-of-attack was bcreaeed  (figs 4 and 5 ) .  The 
reduced loading  over  the rear part of t h e  RACA 641AO12 a i r f o i l  was the 
important factor Fn causing the sIllaller variation in  moment coefficient 
wfth Mach nMiber sham fo r  thfs a i r f o i l  in reference 2. m e  lower 

.. loading a t  the trailing edge and the more uniform pressure recovery  over 
the rear  surfaces of  the modified a i r f o i l  could  contribute the lower 
drag  coefficients  that were observed f o r  the NACA 64lAO12 a i r f o i l  
(reference 2 ) .  The persistence of the u g e  trailing-edge  load on t he  
mCA 641-012 a i r f o i l  could  contribute t o  structural   probhm in the u8e 
of trailing-edge ,flaps in the Mach  number range Investigated.. 

! 
I 

CONCLUSIONS 

Pressure-dis-tribution tests conducted in the mCA ret- 
high-speed tunnel t o  detgmhe the effect of increasing the trailing- 
edge angle frm 9' t o  14 on the NACA 641-012 a i r f o i l  a t  high subsonic 
Mach  ntmibers i n d i c a t e '  that: 

1. The prlrnary effect  of increaslng the t ra i l ing-edge angle wa8 
t o  decrease the loadfng over the rear portion of the airfoil   operating 
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under l i f t ing   cmdi t iam.  The differences in -Ioadhg near $he tkailing 
edge for the two airPo- increaaed with Mach n-er and l i f t  
coefficient. 

Langley Aeronautical  Laboratory 
Eatinaal Advisorg Committee f o r  Aeronautics 

Langley A i r  Force Base, Va. 

3 .  Allen, H. Julian, and V i n c e n t i ,  Walter G o  : The W a l l  Ekerference 
in a Two-Mmensianal-Fluw Whd Tunnel w i t h  Consideration of t h e  
Effect of Cangressibility. RACA Rep. No- 782, 1944 
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MCA RM No. ~9C18 

WLE I 

AIRFOIL ORIFICE LOCATIONS 

(Stations ln percent of wing chord) 

1 MACA 641-012 a i r f o i l  I 
Upper-surface 

orifice locations orifice l O ~ € I t i ~ n s  
Lower-mrface 

1.4 
4.5 
7.6 
11.0 
14.8 
20.1 
24.8 
30 .o 
35-3 
40 -3 
45.2 
50.5 
55.4 
60.1 
65.3 
70.4 
75 *, 6 
80.5 
86 .o 
90.3 
93.6 

199 
4.4 
7.4 

10 .g 
15.5 ' 

. 20.7 
25.6 
30.5 
35.7 
40.9 
45.8 
50.6 
55.7 
60.5 
65.7 
70.5 
75.5 
80.4. 
85.8 
90.3 
93 -1 

r 

5 :  

PBACA 641AOl2 a i r f o i l  I I 

Upper-sirface 
>rif ice locatiom 

1.6 
4.3 
7.3 . 

10.7 
15.4 
20.2 
25.2 
30 -3  
35.4 
40.4 
45.. 5 
50 * 4  
55.4 
69.2 
65.6 
70.3 
75 -2 
80.2 
85.2 
90 .I 
93.5 

c 

L C  
" 

i 

Lower-surface 
rif ice locatio 

1.6 
4.4 

. 7.7 
10.1 
15.5 
20 .o 
24.6 
29.5 
34.5 
39.8 
45.0 
49.8 
55.2 
59.7 
65.3 
70.4 
'15.5 
80.6 
85.2 
90.1 
93.3 
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TABLE I1 

ORDINATES OF AED’OILS 

(Statione and ordinates in percent of wing chord) 

Station 

0 
95 
-75 

1.25 
2 *5 
5 -0 
7 -5 

10 .o 
15 .o 
20 .o 
25 .o 
30 .o 
35 00 
40 .O 
45 -0 
50 .o 
55 *o 
60 -0 
65 .o 
70 .o 
75 -0 
80 .o 
85 .o 
90 *O 
95 00 
100 .o 

NACA 641-012 

L.E. radius-: 1.040 

HACA 641pOl2 

0 
-5 
75 

1.25 
2 ,.5 
5 00 
7 -5 
10 -0 
15 .o 
20 .o 
25 .o 
30 .o 
35 -0 
40 .O 
45 .o 
50 -0 
55 00 

65 .o 
70 .o 
75 -0 
80 .O 
05 .o 
go .o 
93 *o 
100 .o 

60 -0 

Upper- or lower- 
Burface ordbates 
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MACA R M \  No. L9C2.8 7 

i 

i 

M 0.515 Btation 
(percent c) 

0.5 
2.5 
5.0 
7.5 

10 
15 
20 
25 
30 
35 
40 
45 
50 

60 
55 

65 
70 
75 
a0 
85 
90 
95 

i 

Upper Lover 

0.079 0.089 
-.IP - . a 6  
-.236 -.lgg -.e -.261 

-.363 -.34-4 
"337 "299 

-.370 - . 3 6  
- . 3n  -.395 
-.3* -.4l2 
-.415 - .425 
- .35  -.4u 
-. 376 - ,396 - .339 - .360 

-.246 -.@ 
-.lal -.1* 
-.u -.140 
-.057 -.o& 

.013 - .oc% 

.o& . .062 

. l l4 .O* .lll .w7 

-.291 -.v 

0.162 
- .lo5 - ,222 - .2al - .322 

352 - .36l - .m - .391 - .410 
- .395 - 372 
-;334 - .294 - -250 - .1go - .E2 - .052 
-.om 
.058 
.lo1 
,094 

0.162 - .on - .1% - .264 - .302 
-.358 
-.3& - .401 - . h 6  - .424 - .42l 
- .36 - .361 
-.%O - .274 -.=a 

- .w 0 157 

- -233 - . a6  - -327 - .%8 - .377 - -397 - .417 - .432 - .415 - .38!3 - 356 - .37 - .268 - .le6 - .log - .052 
.a20 .O&t 
.=5 .lll 

0.276 - .a28 - .lgg 
- .rl2 - .308 -.$a - .397 - .419 - -439 - .451 - .443 
- .416 
-.x7 - .332 - .2& 
- .a0 - - 137 - .068 - .001 

.053 
-071 
.093 

0.021 0.081 - .123 - .076 - .234 -.19l - -303 "253 -.344 -.292 
- .3p  -.*2 
-.379 -.377 
-.3& -.s -.@ -.424 - .424 -'.438 - .407 -.435 
-.379 -.403 
-.344 -.364 
-.298 - .33  
-.233 -.& - -169 "179 
-.09 -.x24 
"026 " 6 6  . 03. .m .og6 .a76 
.I& .096 
2.30 .Ill 

- .158 
-.w -.on 

1 

M P 0.614 M LI 0.660 

Upper Lower Upper Lower 

0.079 0.153 0.136 0.206 
-.lo2 -.WO -.oat3 -.w4 

-.3l.l -.266 -.3u -263  
-.355 - .P4 -.367 -.y2 
"231 "186 -.224 -.I74 

"390 "376 -.k15 -.3% -a415 . -.k7 -.437 "416  "437 -.444 -.4n -.441 "3 -.473 -.499 "460 "476 -.493 -.32 -.U -.474 "476 -.5lO -.4l2 -.446 - .4k  -.479 "372 "398 "398 -.43 - . 3a  -.w -.347 -.373 

-.os6 - .x6 -.@ -.= 
. n 4  .084 ,115 .oaf5 

-.256 -274 -.267 -.292 
-467 -.la -.168 -.m 
"0% "059 "037 -.062 
;037 . O l 2  -038 .014 

.145 .no .151 .lo7 

.143 .E .151 .E7 

1 

0.066 -. 125 
"237 -. 296 -. p a  -. 387 -. 423 -. 449 -. 468 -. 479 -. 476 -. 447 -. 404 
-* 353 -. 292 

-. 138 -. 209 

-. 069 -. 001 
.061 .@5 
. O N  

0- 5  0.056 
2.5 -.I74 
5.0 -. 288 
7.5 -. 342 

10 -0 378 
15 -.4og 
20 -.413 
25 -. 427 
30 
35 

-453 

40 
-. 468 -. 445 

45 -. 417 
50 -. 3'78 
55 -- 333 
60 -. 274 
65 
70 

-. 177 
-.lo4 

75 -. 046 
a0 .@3 ss . Oss 
90  .x24 
95 .=9 

0.lJ-g 0.168 
- . o s  -.a3 
-.249 -.206 
-.*1 -.294 
"399 "354 
"450 "434 
-.474 -.4a2 
-.493 -.26 
"529 -as69 -.m -.* 
-.536 -.578 
"493 "536 
-.447 "7 
-.395 -.434 
-.30 -.PO -.le -.197 
-.m - .A30 
- .os -.054 
.040 .020 
.log .0a4 
.166 . n o  
,148 .130 

1 

" 

. .  
I 
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TABLE 111 - Concluded 

COKRECTED COE3'FICIENTS FOR TBE 

NACA 6k1-012 AIRFOIL AT a = Oo - Concluded 

Sta-t;lion M = 0.770 I M = 0.817 I M = 0.856 
(percent c 1. Upper 

0.5 

7.5 
-. 230 5-0  
-.072 2.5 
0.131 

-0331 
10 - 403 
15 -.4& 
20 - .511 
25 - 535 
30 - 603 
35 "480 
40 - .663 
45 , 

- -599 
50 - - 553 
55 - 496 
60 
65 

- 301 - .161 
70 -.ogO 
75 - .019 
80 053 
85 - 133 
90 a 1 6 9  

95 159 

0.314 
.076 

- * 097 
-.2l1 
-.2@ 
- 402 - - 469 
"529 - 613 
- .702 - .760 - 715 
"686 
-us6 - 644 ' - -425 
- ? 260 
-0137 
- 9 035 

0.334 
059 - .ll2 -. 224 

- .308 
- 422 - 488 
- 517 - 573 - - 656 
-.@6 
-.&4 
-.€A3 
- 9  639 - ,627 
- 533 
-.429 
- -350 
"275 - .1go 
-.u7 
-.040 

Lower 

0.403 
-140 

- *037 - -140 - *!a5 
"337 - -418 
- 479 
- 547 -.a1 
- 723 
- 729 - .726 
-.7u 
-.6go - .605 - .518 
-a411 
- * 313 -. 203 -. 108 - .040 

M = 0.890 
I 



mm RM No. L9Cl8 9 

Station 
(percent c) 

I 1 

0.679 
-408 
.250 - 149 
* 0s -.Om - .138 - ,187 

“235 
-.260 - .258 - .238 
-.204 - .1y. - .140 - . lo8 
-.OS 
029 

.. 084. . O@ 
-092 

0.650 
403 

-259 
.160 
.030 - SO42 

-’. 094 - -139 - a177 
-.209 - .209 -. 193 - .167 - .131 - a 0 7  
-.082 - -043 ’. 022 
0090 
,126 
.12l 

-1.493 
- L u g  
-1.099 
-1.037 
- -909 
-.&lo - 760 - 755 - -737 - 675 - .a5 
-*543 
-.GO - .381 
-.e4 
-.a2 -. 132 
-.W9 

.048 

.067 

0 

i 
0-719 

454 
-300 
.198 .&l - .028 

-.w - -155 - .204 - .230 - .230 
-.210 
-.I& - ,145 - .u - -076 - 024 

-048 
.120 
.119 
123 

1 

! 

Sta t ion  M = 0.602 649 
Lower 

M =  
Umer 

-1.294 

-1.309 

-1.353 
-1.348 
-1.297 
-1.236 
-1.162 
-.953 - 642 - * 515 
- a  422 
- -334 

- .1@ - .088 - .015 
.050 
*Og8 .l2l 

-1 - 309 

-1-329 

- 249 

0.608 

.238 

.148 - OW 

0.630 -1.91 
-430 -1.417 
.281 -1.312 
.Is0 -1.250 .o46 -1.132 

“046 -1.604 
-.llg -0823 
-.179 “827 
“228 - B a g 7  - .258 - .743 
- .257 - - 663 
- a  239 - 569 - .1% -.468 
-.165 -.375 
-.130 -.289 
-.og2 -.1g2 
-.028 -.u1 

.ob2 -.032 

. n o  .032 
log ,082 
-log .lo2 

0.692 
.458 
.299 
-194 
.038 - 049 - . l l3  - - 174 - 9 233 - ,265 - ,265 - .246 - ,210 - - 169 
”135 - .094 - .025 
-050 
. u 4  
. n 4  
.120 

I 
- . O B  
-.la$ - .262 
- -335 - -377 
“375 - -350 - .301 - -254 - .207 
-.I% - .a69 

.016 
on 
075 

.072 

i 

I 
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1 

Station 
[percent c) 

TABLE IV - Concluded 

COHIiSCTED PRESSURE COEFFICIENTS FOR TE3 

maCa 641-012'AIRFOIL AT a = 4' - Concluded 

T 
Qper 

-0 740 
- .812 
-.%l 
- .g10 
- -991 
-1 024 - 961 
- *93a 
- 0951 
-.e6 
- - 723 
- -633 - m.573 - - 524 - .474 
- .4u - .380 
- -335 - ,215 
- ,148 
-.o& - 

I" Lower Upper  Lower 
I 

Jmer Lower 

-0 502 09 558 - .612 -318 
"684 e 1 7 4  - .743 .08l -.84o -.072 
-.8@ "183 -.e2 -e279 
-.811 - .3& 
-.a9 "494 
-.801 -a597 
- a 7 0 4  "674 - .603 - .688 - -555 - 9 657 
-.524  "610 
-.493  -e576 - 460 - -365 - :435 - .236 
-0400 -.122 
- 317 - 041- - - 246 - - 043, - .204 - 058 

M = 0.869 

Jpper 

-0.305 
- 427 - .512 
- 9 577 
- 677 
- *  730 - 763 -. 804 -. 848 
-.w6 
- -  896 - .go3 
- *  892 
"858 
- -  835 
-;a3 
-%la1 
- 740, 
-9689 -. 636 
- 9 572 

Lower 

0 533 
336 
.198 
,102 

- -046 - .156 -. 236 
-0332 - .439 
- * 539 - .627 
- 693 
-.738 - mi66 
"779 
- 771 - e735 
- 679 
- 6-79 
"644 

- 713. 

1 

. 
I 

I 
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1 

M = 0.609 M = 0.554 M = 0 . 4 3  M = 0.327 Stat ion 
(percent   c> 

0.5 
2.5 
5.0 
7.5 

10 
15 
20 
25 
30 
35 

. 40 
45 
50 
55 
60 
65 
70 
75 
8 0 .  
85 
90 
95 

Upper 

-2.376 
-1.744 
-1.474 
-1.330 
-1.120 - .9% - .e81 -.€?el - 761 - .677 - .597 - .512 - . k 7  - 343 - ,263 - ,194 - .I29 - .084 - - 039 - .020 
0 

-2.49 0.964 
-2.432 -723- -2:140 .560 
-1.056 .445 
-1.372 .282 
-1.145 .I78 - .978 . I O 1  - .872 .017 
-.790 - . a 7  - .697 - .092 
-.610 -.u2 
"527 -. l l3 - .439 - .IO1 
-.355 -.&I 
-.277 -.063 -.m - . a 3  - .1n -.018 
-.I27 .ow 
-.m . o s  - -073 -073 
- .w3 .043 

0 970 
.751 
-596 
.481 - 307 
.207 
132 

.062 
-007 - .043 - - 073 - .os8 - .Og8 - .048 - . ~ 8  - .008 
.ol2 
,042 
.067 .082 
-058 

! 

1 

Larer 

0.9w 
.672 
523 

.419 

.260 

.151 

.61 - .M1 - .070 - -133 - .161 - .158 - ;142 - .EO - -098 
-077 - .049 - .001 
.034 .08l 
.043 

0.5 
2.5 
5.0 
7.5 
10 
15 
20 
25 
30 

40 
35 

45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

-1.776 
-1.8lo 
-1.759 
-1.710 
-1.640 
-1.53- 
-1.256 
-1.015 - .841 - -726 
-, -643 - .577 - .527 - .486 - .444 - .4 l l  - 0378 - 345 - .341 - ,321 - .288 

0.887 -1.586 0.809 -1.452 . 0.826 
.654 -1.524 .626 -1.k5 .585 
-508 -1.456 a 4 8 9  -1.w .433 
-397 -1.413 -379 -1.341 . S O  
-238 -1.331 -217 -1.290 ,191 

' .X8 -1.293 -095 -1.262 . o n  
-.WO "953 -.0g6 -1.004 - . ~ 9  
.032 -1.150 -.OW -1.187 -.028 

- ,123 - .830 - .s72 - .854 -.a 
"181 -.752 -.222' . -.760 -.267 

-.199 - .636 - .250 - .663 -.300 
-.x79 -.594 - .226 - .62g -.= - .155 - .556 - .1gg - .601 -.246 

- .U4 - .481 -.152 - 346 -.I% -.on -.446 -.x22 -.51g -.165 

,014 -.3% -.040 -.464 -.0g8 
.065 - . 9 7  .008 -.440 -.- 
.016 - .3w -.032 - . 3 n  -.op 

- .202 - -688 - -250 , - 4702 -.304 

"129 - -519 - -172 - d 5 7 5  -.=6 

"034 "414  "083 - .492 - .no  

- 1- 933 
-1.992 
-1.940 - 1.876 

-1- 305 - 1.032 - .864 - .761 - .667 - .597 - .527 - ,459 - .416 - .377 - .329 - -289 - .260 - .254 - .236 - .2og 

-1.677 

i 

I 
! 
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TABU V - Concluded 
CO€SECTED -SURE C O E E C F I C I ~ S  FOR THE 

ITACA 641-~12 AIRFOIL AT a = 80 - Concluded 

Station 
percent c )  

0.5 
2- 5 
5.0 
7.5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

T PI = 0.783 M = 0.819 l- 
Upper 

-1.306 

-1.287 
-1 274 
-1.w 

-1 - 305 

-1.185 
-1.152 

- 9 877 - .768 
: 709 - 674 
- 645 
- .605 
- 583 - 557 
-0532 - .514 - .487 - .422 

-1 - 046 

- .624 

Lower 

0. a-7 
569 
.424 
319 
.161 
.041 

- .063 - .165 -. 268 - - 364 
- 422 
- 421 
- 392 - .344 
- -303 
-.q4 - 246 
- ,181 -. 028 
-.130 
- 042 

M = 0.840 

Upper Lower 

-1.013 
556 -1 034 

0.798 

-317 -1.042 
e417 -1 033 

-1.057 
-1.036 

.157 

-. 272 - .974 -.167 -.g@ 
- .068 -1.004 
.041 

-a913 

- 489 - 746.. -a456 
- a 8 1 1  

- .378 

-.6&  -a402 
- 708 - .463 
- .662 

- .637 - ,325 - .648 - .350 

"136 -477 
-.Ob5  "54-7 
"002 -.595 
-.171 -A26 
- .287 

M = 0.867 

Upper 

=o. 854 - 906 - .go1 - 916 
-93 8 - .961 

- 9 965 
- *956 - .944 
- 940 
- e935 - 907 
-.. 861 -. 812 
- 779 - 759 - 741 - .728 -. 686 - -634 - 576 

- 
Lower 

0-  789 
548 
-407 
315 
.149 
039 - .061 - ,167 

-.28l 
"381 
.. rn 473 
"537 - = 577 - 9 591 - 576 - 576 - - 546 - 488 - -418 
- -379 - 339 

I 

I 

. 



Y 

t 

TABLE VI 

CORRECTED PRESSWE COEETICIEI?TS FOR TEE 

NACA 641AOD AlRFOlL AT OG = Oo 

Upper 

0.731 - .165 - .252 
- .292 - .314 
- .337 
"355 
- ,377 
- .3w 
- .397 - -3gi' - 373 - *345 - .313 - .262 
"205 
"1-37 - 078 
- -036 
.015 
.052 
.048 

0.731 0.182 - .126 - .lo7 

-.&8 -.318 
-.318 -.348 

-.368 "386 - .368 - .395 
-.377 -.400 - *367 - - 397 
-.351 "380 
-.325 -.351 
-.2@ - . 3 u  
-.255 "261 
-.1gr -.202 
-a147 -.I29 
-.084 -.069 
-.036 -.022 
-.032 .028 

.020 .073 

- e 202 - -242 
"247 ~ "287 

"345  -a370 

-037 .OB2 

Station 
(percent c) 

0.5 
2-5 
5.0 
7-5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
5.5 
60 
65 
70 
75 
Bo 
85 
90 
95 

0.869 - .158 
- * 2 2 7  - -275 - .3c% 
"357 
"392 - -412 - -428 - .447 - -430 
- .4ol - .368 
- .328 
- .2n - .201 
- -133 
- .on  - -043 
-02-7 
.O& 
. O M  
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TABLE VI - Concludod * 

cmmrm PRESSURE c o m ~ c m s  FOR'= 

NACA 641AOl2 A I R F O I L  AT a = 0' - Concluded 

Station 
(percent c )  

0 *5 
2 -5 
5 -0 
7 -5 
lo 
13 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 - 

M = 0.785 

0 -505 - a041 
- -236 - 0328 
- -390 - .451 
- -517 
- m573 - .630 - -697 - .708 - .650 - -611 
- .585 - -399 - -173 - .og1 - -042 
-032 
-069 
.m 
137 

Lower 

0 a505 - a 0 4 1  - -234 
- 9299 - 9 349 - .4.23 
- 517 
- -573 - .630 
- . 7 u  
- 0730 - e69 - -  632 
- . a 3  
- 9399 - -18'7 
- . u 5  - .052 
.001 
,048 
.Om 
-122 

M = 0.807 T 
lTppor 

3 659 
- 0073 - .213 - .300 
- 0  356 - 451 
- .5m - .5'72 
- -639 
* *713 
- -754 - .698 - -666 
- -659 - 95x2 
- -338 - -139 - -049 

.014 
-064 
.106 
-133 

3 -659 - -014 - -181 
- .264 
325 - .410 

- .510 - -567 
- . e 4  

-713 
-77'7 - -719 - -693 

- =579 
- 642 
- -338 - .16k 
- -066 

- 

- 
- 

- -003 
.045 
.084 
.117 

Upper 

0.564 
. -098 
- 146 
- -245 
- -309 
- -399 - -466 
- -527 
- -591 - 561 
- -589 - -660 
- .642 
- .635 
- . a 4  
- 0536 - 387 - .285 - .l87 - .lo2 - .029 

.045 

Lower 

0 -633 
.183 

- ,986 
- .15g 
- 0253 
- 349 - e417 - .483 
- -0567 
- -653 - .706 - 8746 
- -748 
- .742 
- $1.1 
- .738 - .706 
- -569 
- -621 
- -507 - :3a5 



t 

m a  m NO. ~ 9 ~ 1 8  15 

M = 0.408 station 
(percent o) t LQw3r 

0'.596 
.361 
0232 
0 1 5 2  

-034 
-*053 
-.El - .Is7 - .197 
- .208 - .2u3 - -203 - -179 - .152 
-.EO - .08g 
-0057 - .01g - . O l 6  
-055 - 
0074 

-1.220 
-1.006 - -894 - .824 - -734 - 675 
-0635 - .a9 - .5e. - -549 - = 5 0 8  
-0398 
-.3l6 - -245 -.l82 - .E4 - -068 - .017 
0025 .066 

-e461 

0 -594 
.3& 
-239 
145 
0030 - -045 - -096 - .140 - 0173 - -199 - .200 

- .l89 -.m 
-0139 
-.n5 - .084 - -055 - .Q22 
.010 
.041 
0079 

-1.39 -Id65 
-1.058 - 0985 - .m1 - =785 - -728 
' -.695 - -674 -.a - .586 - -521 - a438 - *347 - .258 -.m - .ILL7 
-.OS .002 
-053 
.ID1 

M = (  
upper 

-1.312 
-1.094 
-9963 - 0 8 8 8  - .782 - 8713 - 0672 - 0 6 4 6  - -615 - *5n - -533 - -479 - 0413 
-e340 
-.263 - .190 - .E6 - .o72 - .017 
0035 
.064 

\ 

StaGion 
(percent c) 

i 607 
Lower - 
3 a651 
.412 
.278 .l80 
= O S  - .027 
-.og8 - ,156 - .1g - .222 - .227 - .el4 
"185 - .lk7 
-.n5 - .078 
"036 
.014 
.058 
.OW 
.086 

759 
Loaer 

M P  1 t 
1 -0 -9L3 

-1.010 
-1.061 
-1.088 
-1.109 
-1.M 
-LE4 
-1.055 
-1 . O M  
-1.067 
"926 - .702 - 9539 - .4l6 - 0309 - 225 - ;m - .om 
-.m 
=039 
.088 

0 -591 
.474 
.249 
.fig 
.Olk - -079 - .m - .e4 - -301 
"332 - -323 
- e 3 2  - -272 - .238 - .1g4 - .a6 - .094 
-*033 
.036 
,044 
.a5 

-1.W 0.668 
-1.2% .4l2 
-1.283 '.m 
-1.299 .* 
-1.291 .038 
-1.261 - .o% 
-1.215 -.I36 
-1.- -.1m 
-1 a039 - -243 
"883 -.qo 
"611 -.Qo 
-9535 -0254 
-.W -.231 
-.361 -a96 
- e 2 5 8  --I61 
-.la -.XI2 
-.OB -.E4 
-a038 e004 
.021 .056 
.075 .om 
* J D O  -079 

' I  



16 

Station 
(percent  c) 

TABU VI1 - Concluded 

COBRECTED PRESSURE COEEFICIE3TS FOR TBE 

NACA 64,AO12 A I R F O I L  AT a = 4-0 - Concluded 

T M = 0.798 

Upper 

-0 .63t 
- 075s - -834 
- .881 
- ,940 
- -960 
- -941 
- .898 
- 896 
- .a85 
- 0769 - 640 
- =556 - A85 
- .421 
- - 368 - .312 
- .251 
- .176 - .089 
.006 - 

Lower 

0 -565 
.333 

,119 
- mu28 
- .l2g 
- .216 
- 9323 
- ,413 - .442 
- -436 
- -422 

,208 

- .386 
- .346 
- 0295 
- -235 - 136 
- .062 
- -028 - ,028 
- *033 - 

I 
" 

I .  

I 

" 

M = 0.882 

c 

.. 



? 

i 

m 

i 

i 

"- 

H - 0.620 

Lower 
" 

0.942 - 709 
55-7 

.450 

.302 
197 .Ill 
035 - .032 - .074 - .095 - .Og8 - .Og6 - .& - .c%4 - .045 - .a25 

-.OW - .004 
.m 

- .oos 

uPP= - 
-2.360 0.944 

-2.232 

-286 -1.6I.8 

. 47 

.-1.230 .183 
-1.~0 .Os8 
"873 -023 
-.766 -.a1 
"673 - e l 0 2  . - 3 9 2  

-e083 

- .015 - -033 
-.a - . e 5  
0 -.m 
-.& -.n7 
-.m -.lS 
-.&5 -.2lo 
- -069 - .27O 
-.OW -.*6 
-.I05 "424 
-.m -.m 

-2.289 -711. 

-2.129 .%3l 

Lower Upper 

0.953 -2.687 .-fa 
-2.234 ,569 
-2.- 

-446 

- -836 -039 
-.g22 . n 3  

-1 .03  .195 
- L E 5  .296 
-1.7@. 

-.022 -.m 
-.&1 -.-fa4 
-.O% -.624 
- .ogO - -5% 
-.089 -.441 -.m 

-.284 -.&o 
-.361 

-.lo4 -.002 -.la -.017 
- .220 - -937 

.005 -.&l 

.OE -.026 

.014 -.& 

Larer Upper 

0.950 
-2.63 .724 
-2.865 

.445 -1.4% .m -1.156 

.203 -.wo .I24 
-1.004 

-.845' .c54 -.a ' - .n4  -.&8 "698 
-.067. -.620 
-.m -.536 - .075 - -453 
-.064 -.a 
-.&7 -.288 
-.M5 

-.161 -.& -.222 

. o n  - .lo1 

.ow -.055 

.041 -.@6 

.035 -.oCn 

e557  -1.930 

0.5 
2.5 
5.0 
7.5 

10 
15 
20 
25 
30 

40 
35 

45 
50 
55 
60 
65 
70 

-3.013 
-2.107 
-1.571 
-1.363 
-1.log - .969 - .875 
-.&lo - .7P - .6l7 - .593 - =515 - ,433 -. 9 9  - .268 - .goo 

80 
85 - .046 
90 - .013 
?5 - .1* 

95 .e 

1: r M = 0.773 M 5 0.796 
Station 

percent 0 )  

M = 0.661 

rrpper -r 

-1.1% 0.837 
-1.185 

.412 -1.197 

.578 

-1.053 .c54 
-.956 -.&3 
- .a3  -.I40 
- . p g  -.240 

-.a1 -.336 -.€el -.354 
-.%g - . s o  
"584 "328 
-.5m -.a1 
-0557 -.a7 

- 3 l 7  -*a0 
-.483 - .a3  
-:424 -.a07 -.pl -.230 

-1.174 .la -1.103 
-302 

- . 6 n  - -301 

-.- "230 

upper 

-1.272 
-1.312 
-1.309 
-1.256 
-1.168 
-1.062 - -918 - .7* - -726 - .685 
"626 
-0653 

- -605 - .5% 
- 363 - .544 - .5u - .488 - .442 
-.m - 269 

I a m r  

0. e 5  .&I8 
.435 
.P5 
.I87 .a 

- 0 0 2 5  - .m - ,203 - .254 - .284 
-.m - m 293 - -274 - .244 - .a3 - .lgo - .172 - .1p - .180 - .203 

Lower Imrer 

-1.698 
-1.672 
-1.6l5 
-1.556 
-1.457 
-1.224 
-1.054 
-.934 - .845 - - 769 
-.702 - .638 
-.5& 
-.529 - .477 - -428 
-.382 
- .334 - .278 - .204 - .130 - 

0.- 
.639 
. 4 n  
3-70 

-234 
.130 
.041 

-.OB - . ~ 6  - .161 - .186 - .194 - .188 - -174 - .1g. 
-.e126 - -103 - .a7 -.o& -.084 
"093 - 

-2.072 
-1.975 
-1.926 
-1.893 
-1. pg 
-1.4I.l 
-1.151 - .976 
- .e3 
"718 - .620 - .535 
-.457 -.w -. 323 
"269 - .E8 
- .1go - .156 - .E7 
-.0* 

0.927 
.690 
*%3 .408 
.263 
.161 
.073 

-.Go3 -. 078 - . ~ 6  - .136 - -141 
"139 
-.I27 - .lo8 -.a 
-.W9 
-e039 
-.027 - .or9 - .017 

1 

I 
I 
I 
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TABLE TIL1 - Concluded 

CORRECTED PRXSSURj?, COEEFICIIEIJTS FOR TEE 

MACA &,A012 A I R F O I L  AT a = 8 O  - Concluded 
A 

Station 
(percent c) 

T M = 0.818 

Upper 

-1 . d l l  
-1.068 
-1.0% 
-1.105 
-1.057 

-1.003 
- -907 - -776 
- .702 
- -653 - .622 
- ,600 
- -586 
- 0573 - .560 
- .549 
- -531 
- *505 - .461 
- 394 

-1 -035 

Lower 

0.814 
-570 
4-02 
.290 ' 
159 

.044 
- ,061 
- . la 
- -269 
- -347 - 384.- 
- . 4 l l  
- -411 
- .384 - .340 
- .301 - .272 
- -247 - .232 - .215 
- .238 

T M 0 -835 

-0.933 0.811 
"969 ,556 

-1.006 .389 
-1.038 .283 
-1.025 .13g - .g88 .027 
-*979 "075 - .937 - .172 
- -833 - -2% 
-;731 - -376 
- 673 - -434 
"639 -.4& - .618 - .499 
- . a 5  -.4m - -596 - ,435 
- 389 - 393 
-.581 -.358 - .567 - .318 
- .544 - .271 
- . y g  - .230' 
-a441 -a237 

I 

c 

. 

I 
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Figure 2.- A comparison of m o i l  profiles showing the  e€fect of.remwing the cusp from the NACA 641-012 ' 3 

airfoil. (Ordinates expanded.) 
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NACA RM No. L9C18 

0 20 40 60 ' 80 ' 100 
Percent chord 

Figure 3.- A comparison of pressure-distribution diagrams for  the 
NACA 641-012 and M1A012 airfoils. (y: = Oo. - 
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22 NACA RM No. LgC18 

0 20 40 60 80 100 
Percent chord 

. Figure 3. - Conclud 
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WlCA RM No. ~ 9 ~ 1 8  

Percent'chord 

(a) M = 0.30. 

Flgwe 4 .- A compazison of pressure-distrfbution diagrams for the 
NACA 841-012 and 641A012 airfoils. a! = 4'. - 
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24 NACA RM No. ~ 9 ~ 1 8  

- :  

NACA 641-012, M 

1 1 

0 20 40 60  80 100 
Percent chord 

(b) M 0.6. 



& mACA RM No. ~ 9 ~ 1 8  

Fimre 4.- Continued. 
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26 NACA RM mo. ~ 9 ~ 1 8  

(d) M = 0.76, 

Figure 4.- Contlnued. 



PC 

Percent chord 

(e) M = 0.80. 

Figure 4.- Continued. 
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Percent chord 

(f) M = 0.83. 

Figure 4.- Concluded. 
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f 

Percent chord 

(a) M = 0.56. 

Figure 5 .- A comparison of pressuredistribution diagrams for the 
NACA 841-012 and 641A012 Moi l s .  CY = 8'. - 
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NACA RM No. LgCl8 

Percent cho~rd 
(b) M = 0.66. 

. 
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Percent chord 

(c) M = 0.77. 

Figure 5.- Cont ind .  
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NACA RM No. ~ 9 ~ 1 8  

Percent chord 

(d) M = 0.82. 

Figure 5.- Concluded. 

. 

. 



-4- 

NACA RM mo. ~ 9 ~ 1 8  - 
M = 0.61 

M = 0.75 

M = 0.84 

M = 0.61 

(a) a = oO. v 
L-59835 

33 

Figure 6.- Schlieren photographe of the flow about the NACA 6&1-012 
and 641A012 airfoile: - 
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35 
* i  

M = 0.70 

M = 0.75 

M = 0.81 

NACA 6k1412 a i r fo i l  

M = 0.70 

M = 0.75 

M = 0.81 

W A  6&lAO12 a i r fo i l  

(b) a = 4'. 
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37 NACA RM No. ~9c18 - 
M = 0.65 

M = 0.78 

M = 0.82 

NACA 641-012 airfoil 

M = 0.65 

M = 0.79 

. . " 
M = 0.82 

EACA 641AOl.2 airfoil . 

( c )  a = 8O. 

Figure' 6 .- Concluded. c L-59837 
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