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NATIONaL ADVISORY COMMITTEZ FOR AERONAUTICS
MEMORANDUM REPORT

for the

Air Materiel Command, U.S. Army Air Forces

ELIMINATION OF RUMBLE FROL THE COOLING DUCTS OF A
SINGLE~ENGINE PURSUIT _AIRPLANE

By Howard F. Matthews

SUMIMARY

A full-size single-engine pursuit airplane, with wing
tips cut off, was tested in the 16-foot wind tunnel of the
Ames Aeronautical Laboratory at Moffett Field, Calif. The
purpose was to find means for eliminating an extreme rumble
which occurred at high speeds when the radiator air-duct-
exit openings were small.

The most effective remedy found was placing the entrance
to the duct well out of the boundary layer of the wing so
that the velocity distribution would be favorable toward
removal of separation and buffeting in the duct. Increasing
the depth of the gutter and reducing the inlet area may also
have contributed to correction of the defect.

INTRODUCT ION

Pilots of the airplane had reported that a heavy
vibration or a rumble occurred at high speed, apparently in
the radiator air ducts. The severity of the rumble was said
to be increased, mainly, by closing the flap at the exit of
the coolant-radiator duct and, to & lesser extent, by closing
the flap of the oil-radiator duct. In addition, it appeared
that the rumble was more severe at angles of attack less than
required for high-speecd level flight.

Preliminary work done in flight by the manufacturer
indicated that the rumble was not caused, primarily, by
vibration of the duct structure itself. The nolse was SO
severe, however, that some remedy was necessary. Therefore,




at the reguest of the Army air Forces, Materiel Command, an :
investigation of the problem was undertaken in the 16-foot

wind tunnel of the Ames Aeronautical Laboratory, for 1t was
realized that considerable time could be saved by utilizing a
wind tunnel, rather than free flight, in the test program.

The 16-foot wind tunnel of the Ames Aeronautical Labora-
tory has a closed test section, a single closed return
passage, and is of circular cross section throughout.

The airplane furnished for the wind-tunnel tesis differed
from the production model in that the wing was placed % inchesa
higher. This variation resulted in the carburetor scoop
being below the bottom of the wing, but the effect on the
cooling air-duct performance was thought to be negligible.

In order to mount the airplane in the wind tunnel; the .
wing tips were cut off and fittings were secured to the wing
spars for attachment to the trunnion plates. In addition,
the empennage and propeller were removed, a spinner was in-— A
stallcd to fair the nose of the fuselage, and a fairing was
fitted over the tail end.

TEST METHOD

For teets at speeds up to 260 miles per hour, the air-
plane was supported only on the trunnion plates (fig. gl
The angle of attack was varied by rotating the trunnion
plates, and the forces on the airplane.were measured by the
self-balancing, recording beam scales of the regular balance
system. ' :

For the high-specd tests, th airplane was given addi-
tional supoort by a tail strut (fig. 2) which was scécurcly
fastened to the top of the tunnel shell. Forcec measurements
were not made for this type of mounting.

A pilot, or occupant,. of the airplane was essential,
since the rumble could be distinguished only from inside the
cockpit. Communication was maintaincd with the pilot through
carphones and throat microphones.




~ The program for tests was completely flexible and de-
pended largely upon what was learned as the investigation
proceeded. In general, for each change in form or arrange-
ment of the duct, the exit openings were varied through
electrical control of the flaps by the pilot, who also
observed the rumble. The flap openings employed, as
measured at the center, and the corresponding areas at the
exits were as follows: -

Coolant-radiator duct Oil-radiator duct |
Flap opening | area Tlap opening | Area |
« (din.) | (sg £t) _ (in.) (sg £
T T Z Tl 1
1.3 0.14 0.6 0.0k4
5.9 .80 1 "
10.3 1.43 g.0 .58
14,5 2.13 i _— _—
|

The smallest openings given above were for the flaps against
the stops and provided the minimum area available. The open—
ings of 5.9 inches and 3.1 inches for the coolant-radiator
duct and oil-radiator duct, respcctitively, were for flaps
flush with the outer surface of the duct. The largest open—
ings were the maximum aveilable,

The choice of modifications investigated was influenced
greatly by the comments of the pilot regarding the rumble
and by visual observation of the air flow about the duct
through the aid of wool tufts. Photographs of the tufts
were made to obtaln records of the air flow in typical cases.
If the modification under test indicated a decrease of the
rumble, pressure data for computing the flow through the

ducts were recorded and drag tests at three angles of attack
were made. !

The data were corrected, apnroximately, for the rather
large constriction effects on the dynamic pressure, velocity,
density, and Mach number, but not for the tunnel-wall effects
on the angle of attack.




The dynemic pressure of the air flowing through the duct -
was measured by pltot tubes placed at the entrance for the
two successful designs, and by a number of total-pressure
tubes and static-pressure orifices aft of the radiators in
the case of the original duct. The accuracy of the dynamic—
pressure measureiments for the original duct is questionable,
as the data are for a low-speed section. The temperature
was measurcd at the large end of the wind-tunnel entrance
cone and was computed for points in the duct by assuming
adiabatic expansion. From these measurements, the dpn81tv,
velocity, and mass flow of air in the ducts were compuied.

For computing the dr g coefficient Cp, the total
airplane wing area of 233. 19 sguare feet was used.

RESULTS AND DISCUSSION

Rumble.— Before the investigation of the problem could
be initiated, the rumbie had to be obtained in the wind tun-
nel., By trial, it was found to be very severe at the geo-
metrical angle of attack corresponding to an angle of inclina—
tion for the fuselage reference line of -20, (The angle of
the fuselage refcrence line with respect Tto the wind direction
is hereafter designated as angle of attack a.)

The preliminary tests, with a pilot in the cockpit and
a passenger in the aft Dortﬁon of the fusclage, disclosed
that the mzin contribution to the rumble was the vibration
of the coolant ra diatu evidently caused by pulsations in
the flow through the ducu.

Since the rumble did not occur when the olant-duct-—
exit opening was large, the first DOdlfLCFtlon was to DPro—
vide an increase in the minimum value of the entrance
veloclity relative to the free-stream veloclty. A bypass
arrengement, shown in figure 3, was dcsigned to achieve
thisg purpose, The results were eincouraging in thet, with
the bypass louvers at the most effective opcning, thc ve-
locity at which the rumblo began was raised approximately
150 miles per -hour.

A study of the tufts (figs. ¥ and 5) indicated that the
bottom of the wing near the duct was in stalled condition
and that the flow along the inside of the duct at the top of
the entrance was rcversed. The uppcr lip of the entrance was .
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extended 13-3/4 inches ahead of its original position and

was faired into the original lower lip. The leading edge of
the extension was made straight at the top and was placed
about five-eighths ofan inch away from the wing-bolt fairing
at the center line of the airplane. The extension was faired
into the lines of the original duct. The 1lip extension and
the resulting improvement in the flow are shown in figure 6.
With the bypass open, the duct, thus modified, had only a
slight rumble at 429 miles per hour.

The next modification of duct tried was one conforming
to loft lines designed by the manufacturer to provide a higher
entrance velocity and to reduce the separation at the top
portion leading to the coolant radiator. This was accom-
plished by extending the partition between the coolant- and
oll-radiator ducts to the entrance, and redesigning the
coolant-duct diffuser. A flap was incorporated by the Ames
Aeronautical Laboratory to provide a bypass from forward of
the coolant radiator to aft of the oil radiator. This
revision, shown by figure 7, is called the "divided duct."
It proved to have a later and less intense rumble .than
the original, but was inferior to the original as modified
by an extended upper lip at the entrance. As before, the
bypass removed the rumble to a degree (up to 337 miles per
hour) but did not eliminate it at the higher .speeds.

Another lip extension was made (fig. 8) and attached to
the divided duct. This extension was. similar to that used
on the original duct, with the exception that it was carried
only 10-7/8 inches forward and the leading edge was placed
1 inch away from the wing-bolt fairing. This modification
reduced the rumble to a point where it was not discernible
from the general vibration of the airplane at 500 miles per
hour, the highest speed. attained in the tests.

An alternate change was made in the divided ‘duct to de-
termine if placing the entrance farther from the lower surface
of the wing or extending the uprper lip forward was the more
important factor in removing the rumble. The top of the en-
trance, without lip extension, was lowered gbout 1 inch
farther from the wing surface, and this drop was carried
along the top inner surface of the coolant duct to within a
few inches of the radiator. From this point, it was faired
into the previous lines. The oll-radiator duct was left un-
changed, Figure 9 shows this modification. This form, like




the divided duct with the extended lip, did not rumble at
500 miles per hour even with both duct-exit flaps closed
and the airplane at an angle of attack of we%,

Cooling air.- The mass flow through the oil-radiator
duct for the original design, and for the two that were suc-
cessful in eliminating the rumble, is shown in figures 1Q
to 14, The curves indicate that either of the latter (the
divided duct with lip extension or the nodified divided duct)
are satisfactory for cooling the oil. The most noticeable
difference among the three is the greater scatter of the
curves with changes in coolant-duct flap setting for the
original design. This difference nay be explained as an
effect of the partition between the coolant- and oil-radiator
ducts in the divided duct design. The partition, being
extended to the entrance, might be expected to reduce the
effect of coolant—duct flap setting on the flow through the
oll<radiator,

Likewise, figures 15 to 19 show the mass flow through
the coolant-radiator duct for these three designs. In ‘
general, the flow for the original design was slightly greater
than for the other two. The curves for the divided duct with
the upper-lip extension and for the modified divided duct
are nuch alike, with the exception that at the fully closed
position of the coolant-duct-exit flap, those for the
modified form show a definitely smeller mass flow.

Drag,—- The drag increment, due to substitution of the
divided duct for the original duct with 1lip extension, 1is
shown in figures 20 and 21. In the dive attitudc (approxi-
mate angle of attack of —20), either divided duct produced
a decrease in the drag coefficient with the coolant-duct flap
closed, and only a slight increase (cbout 0.0002) with the
flap flush. At the high-specd level-flight attitude (angle
of attack 0°), the drag coefficicnt was increased an average
of about 0.0004. For an angle of attack of 5°, the drag
increment was slightly higher.

Figure 22 -shows the density, velocity, and Mach number
at the position of the airplane and as corrected for con-
striction effects, as functions of dynanic pressure.

Tables I to IV are a summary of thc temperature, density,
static pressure, and mass flow at the cnurance for the two
divided duct designs.




Figure 23 shows the principal forms of duct investigauicA
and gives a summary of the performance, where determined, for
the various conditions of the tests.

CONCLUSIONS

The problem of eliminating a heavy vibration or rumble,
which occurred at high speeds when the radiator—-duct-exit
openings were smell, was solved by either of two designs.

The first.included an upver—-lip extension of the entrance
to a divided duct, which differed from the original in that
the partition between the coolant~ and oil-radiator duct
diffuysers was extended to the entraonce. The coolant-duct
diffuser was also revised. The effect of the extension was
twofold: first, to move the entrance farther from the lower
surface of the wing and, second, to increase the depth of
the gutter.

The second successful design was a modification of the
divided duct. It likewise moved the entrance to the coolant
duct away from the lower surface of the wing, but it did not
change the depth of the gutter. The revision reduced the
inlet area of the coolant duct from 163 square inches to
138.7 square inches.

The more important factor in the solution was evidently
placing the entrancc of the duct well out of the boundary
layer of the wing, so that the velocity distribution at the
entrance would be favorable to removal of separation and
buffeting in the duct. Increcase in the depth of gutter
and reduction of inlet areca 2y also have contributed to
the solution of the problen.

Ames Aeronautical Laboratory,
National Advisory Comnittec for Aeronautics,
Moffett Field, Celif.




1AL E v
DOv10ep Duer Wirw LiP  Ex7ension-CooranT
EroiRroe Ducr FaTRANCE COonNDIrrons
Aleea = /63 so.in.

sl (el e Ll
/.7 |527 | 2068 | 2289 | .308 /.3 |539| /8¢5 | 2017 .569
127 | 529|536 | 2063|2294 | 487 -2 1438 99 |538|/842| /995 | .84
/0353320322223 .676 /0.3 |53/ | /766 | /990 | /,/58
/251531 | /7992195 | . 797 /145|579 | /629 Y83/ | /334
/3 | 54012015 | 2776 | 430 /3 | S36| 2074|2255 | .3/7
54 B2 |539 2002 2166 | .6/ 17 L 9|533 | R030 2220 | . 476
0.3 | 53¢ /74/ |2/20 | ,936 /0.3 |533| 2032|2223 |.679
8.0 |(45]528) /B | 2070 | /082 ag (2215311717981 193] .809
/3 | S0 /724 | 2076 | 562 1.2 540 2006 | 2176 | . 949
25 595411 /729 | 20580 .799 254 539 | 540| 20/8 | 2/78 | .478
/0.3 | 53¢ /84/ | 2010 | 1,093 /0.3 | 534\ 1938\ 2117 | 959
/45| 525} /1795 | /937 | /.50 /451|527 | /863 | 2060 | /./06
/.32 1539\ /855 \ 2009| .6/0 A3 V592 /1966 | 2116 | .602.
a8 L9536 | /68 | /1979 .9/0 385 L9 |S92| /938 | 2087 .87
/0.3 |53/ | 176/ | 1934-| 1.173 /0.3 \532| /821 | /9941173
145\ 52 | /¢4l | 1834-| /. 506 /4515R0| /685 | /1889 |/.322
413|536 | 2067 | 2250|.R% 1.3 | 836| 206¢ | 2297] .332
127 B9 |S536| 2047 | 2250 | 470 127 Sal536| 206812299 .479
03 | 534 | 2033 | 2220 .67/ " /0.3 | 534 | 2034|2220 |.653
< /45| 53/ [ 2003 | 2200] . 788 ’56 /45| 531 | z003 | 2/99|,796
3 | 5490|2012 | 2172 . 591 | /3 |559 |20012] 2/75| 464
254 G939 |s40 | 2000 [2/70 | .632 » 53| 537|2005 | 2168 |.687
0.3 | 534|747 | 2119 |.922 NI/ 703 [ 534 /936 | 2114 |.96/
5/ Y£5|528| /874 | 206§ 1,082 /251528 | /1648 | %3 |[.090
Uz 2l a4 1 227] 55 13 542 /950 | 2098\ 554
85 .59 |54/ | /753 | 2080|778 us|  [52]572]/936 | 2083] .8/8
0.3 |53¢4| /1844 | 20/0 |1.074- /0.3 |533{/83/ | 2002 |/./4/
/45325 | 1748 (/940 (/241 - /251523 | 1710 | /906 |/. 330
/.3 538 | /642 | /997 |.593 £5 1536 | 2066 | 2248| .34/
468 159|537 | /828 | /1986|907 i 5.9|5306| 2067 | 224 7| 489
/03 |531 | 17601 /9232|1146 /0.3 1533 2030|2221 |,698
/425|521 | /658 | /854|/.323 /145|531 | /1998|2193 |. 815
/.3 |536| 2074 225¢| .304 /2 1539|2002 2/65 | .488
27 59|536|2070 | 1250 447 54| g0 |-59|538 | /997 | 2163 | 661
/0.3 1533|2033 |2223|.675~ /0.3 |5341/934-| 2112 ].950
/45153 | 200/ | 2197 | .703 /45| 528 | /868 | 2063 | /./106
/.3 |54/ | 2027 | 2184 .407 /.5 |5492 | /1943 | 2090 |, 380
54| 06 123154020151 2175|698 365 59154217939 | 2089 | . 814
0.3 |534| 123812119 . 940 /0.3 |$33]| /635 | 2006 [1./134
/451528 | /868 | 206 3| /.069 /725|523 1,7/5 | /1943 |7.322

1.2 592 1992|2069 520

185 59542 /93] | 2027 754

& A AL cout 1182 Fan " or arri




TABLE T

Owwep Ducr Wirw Lip Exrewsion -Ore
Lrmomrore Ducr Enrrames Covoyrions

Aeeq = IEE6 sp,/n.
‘ FLAP OPENING e P »r FLAP OPENING| y P e
‘ OOC. F‘Zz OI/NCHf ,Z; " u_x;:f “:"/‘;{:z’um%“‘ x’ “?";, 0;:‘3;::‘" .‘,“7‘; f‘”/;‘. "‘;‘; a/‘.’g’ SR e,
’ 1.3 | 528 [/964 | 269 | ./97 13 598 1965 | 209/ | . /19
127 59 |528| /966 | 2/69 | .2/# -2 nar (&2 |s57]2086] 2/83] . /03
\ 031529 /969 | 21691 .2/3 /105|557 2087| 2784 , 104
| /451529 | 1772 | 2/75°| . 203 HE\ 5857|2081 | 2177 | .02
‘ /3 | 521 | /785 | 1998] . 280 /.3 1538 | 2096|2273 | .099
‘ - 5.9 |522]/770 | 2000] . 290 127 49 (8536|2074 2256| . 250
\ /031522 | /794 | 2003] .28/ 103\ 594 2173 | 2264 | 047
o /451523 | /806 | 2073 . 269 g 45 | 538 | /06 | 2282 .053
T 43 {513 [ 459/ | 1807 .30/ 43 (8593|2063 2214 | . 087
‘ 25 L9153 |/600| /819 .320 254 B89 |547|2/08 2247 | .06¢
031513 | /00 | 1819 .31/ /05 |5496\2/0/ | 2243 |, 070
| 2.5 SIS | /22| 1836] . 706 4.5 | 595 | 2088 | 223% | 073
‘ /2 | 502 | /449 | /85| . 38 13 |ss0|2086|2/67 | .17/
‘ 488 S9 |50l | 143/ | 7647| . 330 3&4 59 |8553 [2087 | 2200 |, 089
! /02| 502 /943 | /679| . 333 /031553 2066 |2/99 | .04
‘ /25| 501 | 1433 | /067 .323 /45 |552 (X075 | 2192 | /02
/3 |534| 2046 | 2233],/36 13 | 534 | 2043|2230 ,/26
| 127 £9 |$530) 2055 | 2239 . 146 127 G9|538 (2057 | 2292 /43
| /03| 535 | 2055 | 2239 | 144 /035352058 | 2243 ./4/
| /4% | 535| 2085 | 2239] ./40 £y /45535 | 2057|2235 /28
‘ R 43 |536] /972 | 21957 /92 137 |$35 | 1961|2137 ./62
154 L9 538 | /7288 | 2157 | .20/ 258l 2/ 5,9 \|577| 798/ 215/ | 192
‘ /103|538 | /988 | 2157 | ./98 /03537 | /1784|2154 | L 194
5 &5 5371977 | 2/46] 770 /45536 /973 2146 | , 164
13 |538| /892 | 2046|220 13 |835 | /86/ | 2029 . 215
85 59 540 | /924 | 2077 .237 b L9539 1/9/0 | 20¢6) 245
‘ /03540 19/5 | 2068 237 103|539 | 7903 [ 20581 . 236
45 1837 | 1900 | 2058 | .227 /L5538 | /885 | 2042 | . 228
‘ /3 (534 /80/ | /965] .233 /3 (8291971 | 2772] .,/
L " G2 1539 | 1666 2017 | 265 127 I |57 /975 | 2/77 | . 2/2
| e8 /031539 | /857 | 2006 266 /0.5|528/967 |2/72 | . 2/2
/A5 \838 | /642 | /9794| ,249 /4.6|1527 /975 | 2/77]|./93
/3 |838| 2104 2280 .252 1.3 32217291 | 20001, 26
27 Z 91839 | 215 (2267 044 54| mo L2252/ [ /1784 | /796 | .289
231539 | 2113 | 2287] .a50 /203|522 /795 | 2005| . 277
/45|83 207 | 2268/ 053 /45\823| /809 | 2017 | ,258
/3 |595 | 2065712232 08¢ £Z |5/2 | /594 | /6/5|.302
2| 06 |22 5972108 | 22451 073 355 S52\5/3 [ 1609 | /829 |, 297
/03546 | 2r05 2250 073 /703|573 | /609 | /823 | . 30/
/2.5 5946|2096 | 2237 | .07/ /251|575 | /626 | /841,296
/43 |5#9|R027 | 2155|103
285 S |853| 2091 | 2204 .09/ )
/03| 5542095 | 2205 | 012 Coninriis Bok el beils
/4555632078 | 2/70 |, 088




TABLE Z

N oD F160 Onrpep Dicr- Cooemmsr
Lrommroe Duver Lnrmanvce Condrrioas
Area = /387 spin,

G [Zarcrenns £ il = L FLAP OPENING oo m‘/f ”r
“o ;%“ o/imeg ! %:" ‘:/7‘:’: :6/"0/:;’ :‘4«%‘. @ “/:/r.‘- 0///(/://050%’ o7_‘ (”’/r:t '/o/:-;r,' JIWZ“.
4T | 539 | R0F (2250 242 17 | S582 | 2024-| 2/3% | .50/
@7 2.9 |27 | 2064-| 227¢-| 496 2 |98 B91539 | 7860 | 2072 ,923
/03578 | 2008 | 2260 686 OF|524 | 7687 /827|772
A5\ 579 | /1979|2222] 758 RE\S12 /557 | 176 | 10264
23 | 395 | 2092|2238 343 /3 539 2210 | 2283 2r0
5% 5,9 | 557 | 2003 | 2166 | 688 27 59596 | 2069 | 2250| 258
22\529 | 1877 | 2070] ,928 703|853/ | 2006 | 2203| .679
s /45| 8525 | /8R6 | 2028 1.024 g [/EE\S28 | /966 | 2170| ,779
T YT S5 2066|2782 4#¢ /3 |596 | 2099 | 2290] . 30/
35 S92 |S78 | /940 | 2/83 ] .838 54 159 (590 | 204 | 2173 653
23 328 | /774 | 1959|1078 /031529 | /881 | 2074| .94/
/2.5 |S20 | /682 | /1886| 1. 220 o [E5|523 | r800| 2008| /057
12 533 | Zo34-| 244 #77 /43 |553| 2087 2200] , 359
%68 S9|593| 1895 o3¢ . 887 B85 22 |593| /957 | 2103],79/
/A3\|852/ | /647 | /543 | 1, 203 703|525\ /792 /934 1./23
/251|572 /552] 1766 | 1267 AAE5|\S514 | 17676 | 1834/ 724
12 |53 | 2110 | 2282|227 /3153912009 | 2280 .2/4
127 B9 |936 | RHBE | 2247 . 470 )27 295|522 | 2067 | 23/0] ,48/
3536 | 2067 | 2250 . 267 9383/ | 2o04| 2200| , 18
¥ /251522 1977| 2180 .758 /45| 5291/969 | 2170|7757
2 L3 |s595| 2070 | 2237 . 350 - A3 | 5496|2099 | 2240| .367
254 S |S5P0 | 20/5 | /76| 652 96| 75| 2/ G 539 2000 | /73], 665
/03525 | /898 | 2/08|.9/9 3|529 | /8806 | 267/ |, 943
5, YEE|S524| /626 2032|/.028 /45)523 | /603 | 2009 | /053
Y43 |ss7 | 2a58] 278 . 455 /3 |553| 2089 | 2203 .357
3857 5.9 | S24 | /7255 | 2075 796 25 1.5, 91542 /994 2090] . 815
/03529 | /753 | /965 | 1,074 /O (524 | /730 | 1924 )./35 ]
/245|520 /682 | /886|/./92 /4518517 | /647 /857] ) 201
L3550 ) /997 | 2119 ] . 5¢8 £3 1539 2110 2283|228
488 e | — 127 5 D576\ 2068 | 2248 | . 477
[O03|525 | 1695"| /882|//67 723153/ | Ro07 | 2203 | .679
LE5|— | — | — | — VA 529 (1967 | 2170, 774
13 1539].2/70 2283| .228 /. Z | S546| 2099 | 2240, 3/
27 29| 53¢ | 2067 | 2250|970 54| gg EE21I371 200 12/76] 664
/83\832| 20/3 | 2206| . 667 05529 | /1681 | 2073 |, 949
(#5| 514-| 1977 | 2244] w5 (#5523 | /804 2011 | 1057
4 Z 1596\ 2097 | 2240 376 £F 1553 2089|2202 766
24| ag 222|539 | 205|269 | .e83 G 2|543| /1953| 2096| . 778
/03| 530| /694 | 2063 . 720 S\ a3s26]1743] 79331712/
/A5 5285|1826 2028] 1.026 /E5\S515| 1620| 1837 /214
43 |S52|2072| 2/69 | .4/2
Jgs L5 P | 592| 1797 | 2093| b0 NATIONAL ADVISORY
2|58 /768 | 1951 | 070 COMMITTEE FOR AERONAUTICS
/451579 /666 | /87717770




TABLE I

M oviFren Owroen Luver - O

homroe Dvcy Enrmance Condrrons
Arca =386 sp.uw.

oR
ey

LapOrciing
JNCHES

O/t

OOLANT |

%8s, 5. /2

Fangric

st /ry. N s10es

X/076

s&c,

1R7

72 1528

/76%

2/69

2

=,

SR8

257

R/62

28

VAZIC

S28

/762

2168

nT

Ve i

SR9

/768

R/ 70

R/

254

E0

13

S/

/780

/792

282

0.g

RY44

/757

/775

A70

/a3

S0

/770

/785

, 268

/45

52/

/754

/796

2273

=

57/

/581

1808

. 307

=29

7]

58/

/505

234

03

S/72

/588

-14%

0%

/45

57

/578

/821

299

488

=t

7277

1T

/656

33/

9,

773

/4/4

/652

HO32

23

477

/377

640

322

Ve

777

/377

i

3257

127

JA

59 |53¢4

RO52.

2240

/97

1aZ

SIS

2456

2R96

144

/45

S34

20499

2234

/4

254

=

$26

/787

/5%

. 200

=

538

/983

2/50

203

/238537

/98/

257

2203

/£ 5|537

/783

/53

, R0/

g8

&=/

/| 590

/976

2020

<92

5 9| 590

[P/

2067

294

/23| 540

/720

2072

244

/45539

/705

2060

<239,

188

/.3 |8538

/847

2004

R4

S59|437

/857

2070

1268

/03538

7839

/1993

.69

| £5| 537

/833

/770

L R69

/27

254

(<17

al|e5e

Rill2

2284

947

= 9|53

Al

RR83

050

/23539

Rl

RREH

050

/L5539

R/

2283

231546

/0]

2250

,074

59596

R102

<2248

(75

O3|59¢

/02| 2246

027

#5594

21024

2248

.07/

388

/3 |553

2094 | 2209

O3

Z9|4553

207/

2204

1 OF3

/03553 | 209/

2204

098

/25553

206/

R20A

077

1‘41

Fiap Orcring 7 | Frerse
[o)/A jufwr 43S,

=4
JNHES casy ., [“estn?

X006

»1
£
i

768

/. Z 557 RO7T.

274

MO8

159|556 | 2073

2/ 74

/12

/03|55 7| 2082

2/80

3

/AS| 557 2077

274

/06

127

254

385"

/. 3539 | 208

2280

049G

5, 21537 | 213

2265

057

3539 | 2/l 2

2285

Q52

/E5| 539 | 2108

2250

.053

/3| 596 | 2098

2240

078

59596 | 2/9%

2297

073

/23|59 | 2/03

229 7.

077

45| 59 | 2077

2240

5073

/. Z S35 | 0EB

220/

093

5.9 | 55¢| 2075

2204

LTS

V2.3 533 | 2068

220/

2097

/F5\ 553 | 2085

2/99

088

127

54

385

L3 | S35 | 20585

2240

/40

L5 2 | 535 | 2056

224)

/146

DT | S35| 2058

2240

S48

VF 5| S35 | 205

2239

/3

L3 538 | /965

2.

o203

LS 9938 | 17685

2/852

3203

03| 598 /965

21512

.203

M5\ 537 /952

2153

194

13 | S# | 1926

2077

2R IZ

159|537 | 71905

206/

247

/10,3537 | /903

2059

245

/4 5\540| 19/7

2070

SR25)

127

254

/LT |S28)| 1762

2167

211

S 9\528| )92

2167

214

/23527 /372

2/74

LT

45| 527 | /1970

2/72

R

43 \S5217227

/986

282

Sl k72

/783

268

/O3 S52/ | 176/

1923

20T

25|52/ | 1795

2067

278

4T 572 | /576

/69

S, 9512 /1574

1815

29l

03|57/ /596

/8/7

. 734

451512 (572

/87

. 309

NATIONAL ADVISORY
COMMITTEE FOR AERONAU

T1CS




«\\ 5

Figure l.- Three=-quarter rear view of the airplane mounted
in the l6-foot wind tunnel,

Figure 2.~ Three~quarter front view of the airplane mounted
in the 16-foot wind tunnel.



RADIATOR DUCT HOUSING
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COMMITTEE FOR AERONAUTICS

RADIATOR DUCT HOUSING REMOVED ;, SHOWING LOCATION

OF LOUVERS ; SHIELD OVER LOUVERS ) AND FLOW OF AIR
FROM LOUVERS , DOWN THE SIDE AND OUT THE SIDE

EXIT.

FIGURE 3.- BY-PASS ARRANGEMENT ON ORIGINAL DuUCT




NACA
AAL-3882

Figure 4.- Side view of original duct.
a = =20, flaps closed.

NACA
AAL-3884

Figure 5.- Three-cuarter front view of original
duct entrance. a = -2°, flaps closed.



Figure 6.- Three-quarter front view of original
duct with lip extension. a = =29, flaps
closed, bypass half open

Figure 7.- Three-quarter front view of the divided

duct.



Figure 8.- Three-cuarter front view of the divided duct
with lip extension.

Flgure 9.- Three-quarter front view of the modified
divided duct.
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