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AERODYNANIC EVATJJATION OF SMAU WING-TIP TANKS 
ONADC-3 AIRCFUFT 

An investigation of the effect of small wing-tip tanks on the 
flight characteristics of a DC-3 type aircraft has been accomplished. 
A CAA Technical Development and Evaluakon Center DC-3 aircraft, N-182, 
"aa .WbJected to a. fll!&X-test program which mcluded: (1) a series of 
power-on and power-off stalls using several flap settjngs with gem up 
and gear down, and (2) a series of climbs at noma and lower then normal 
airspeeda. 

After data reduction, it was concluded that: 

1. There is neither a beneficial nor an adverse effect on the 
stallmg speed of the aucraft. 

2. There is neither a beneficial nor en adverse effect on the rate 
a? climb of the aircraft. 

3. There is a slight improvement in the controllability or handling 
characteristice of the aircraft at and ne&~ the stalling speed, especially 
noticeable in the landing configuration power-off condition. 

IN7!RODUCTION 

In the course of an eveiuation of several different high inten- 
city, external aircraft lights, B unit cans~stmg of en oscillating 
sealed-been lamp housed in a atrear&ined "tank," located one at each wing 
tip of a DC-3 aircraft, wae tested in flight. Durmg the first flight 
teet it u&8 noted by the pilots that there eeemed to be better lateral 
control of the alrplme at low airspeeds then had existed prior to the 
installation of the tip tanks. Also, the stalling speed appeared to be 
sorewhat lower then normal. 

In view of the possible existence of these benefits, further 
testing under carefully controlled conditiom seemed warranted. This 
report deecribes these teats. 
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PREPARATIONFOP!C%3TII% 

The tests performed on airplane N-182 were unique in that Cam- 
parative rather thsn absolute values were the goal. Because atmospheric 
conditions and aircraft gross weight could not be kept constant for all 
tests, all data had to be reduced to a common base from which results then 
could be tabulated for comparative purposes. Indicated airspeed, indi- 
cated power settings, etc., were not corrected to calibrated readings 
because the -cated readings would have the ssme error, fl sny, on all 
tests and would give accurate results for comparison. 

To initiate preparation, the aircraft was weighed. This weight 
included all of the equipment which is normally carried in the airplane 
plus full tanks of gasoline and oil. Each addltlonal component added 
thereafter to accomplish the test progrsm was weighed so that an accurate 
aircraft gross weight might be recorded for each test. 

The altimeter was calibrated at the Allison Flight Research 
Division of General Motors Corporation. This was the ens exception yI 
requiring calibrated readings, as the altimeter had to double as a 
barometer. 

In order to insure airspeed mndi~tions suitable for comparison, 
sons type of pitot head was needed which would be relatively umnune from 
errors resulting from changes in angle of attack, A swivel-mounted, aelf- 
aligning pitot head snd trailmg bomb combination was not available; 
consequently, another type of head, accurate within 2.2 per cent from -10" 
to +25' in sngle of attack, was secured on losn from the NACA Langley 
Aeronautical Laboratory, Langley Field, Virginia. This pitot head was 
mounted, as recommended, on a boom one fuselage dlsneter (approximately 8 
feet) ahead of the aircraft nose door along the longitudinal sxis 
extended. It Was rigidly fastened to the forward bulkhead internally 
and was secured externally by three guy wires at a point calculated to 
eliminate turbulence- or vibration-excited waves frcan being set up on 
theboom. This installation is shown in Fig. 1. 

It Was deemed neoesssry to observe wing-tip airflow chsracteris- 
tics. Again, for comparative purposes, these observations were made 
first without tip tanks and then with the tanks in place. Pieces of yarn 
12 inches long were applied to the entire upper surface of the starboard 
Wing-tip section, one piece to every square foot of area, as shown in 
Fig. 2. Also, wee pieces were applied directly to the starboard tank 
when it ves in place. 



3 

A Bystem of recording the infOrmation was imtdhd t0 tiOW 

simultaneous observation of the instrument panel and the tuft-equipped 
mng-tip area. The photo-panel techruque was employed in the cockpit 
using a Vsrltron TO-rmlllmeter camera, Fig. 3, focused on the pilot's 
flight instruments. A second Vsritxon camera was located at the resr- 
most starboard cabln window, fitted with a telescopic lens snd focused 
on the wing-tip area to be obeerved- See Fig. 4. Varihon cameras were 
used because of their electronic shutter-trlggermg and automatic film- 
advancing features. By installing an electronic sequencer, Fig. 5, it 
was possible to trigger each csmera simultaneously at intervals raging 

from five second3 down to one second. For data reduction purposes, a 
frame-by-frame direct comparison between pictures of wing-tip axrflow 
and cockpit instrument indications was possible. Figure 6 shows a pxture 
taken with the cockpit camera, and Fig. 7 shows a pxtut-e taken slmul- 
taneously by the camera photographing the wing tip. To augment these 
records, a hand-held Eastian Clne Special csmera was used to take moving 
pictures of the tip area at the rate of 64 frames per second. BY studyhg 
these movies, it W&E possible to visualize the stall progression and the 
behavior of the boundary layer airflow. 

DESCRIPTION OF TESTS 

!Re object of the first portion of the flight tests was to deter- 
mine if the presence of the tip tanks raised or lowered the stalling speeds, 
or benefited or tindered the low speed handling characteristics of the 
alrplsne. This was accomplished by subjecting the aircraft to two stiilar 
series of stalls, The first series of stalls w&e accomplished to test the 
conventional a-plane and form criteria on which to base the comparison. 
The second series of stalls was performed with the tip tanks installed, 

For these tests to be comparative, engine horsepower had to be 
kept constant end a history of gross weight versus tune had to be recorded. 
The horsepower was maintained constant by use of the Pratt and Whitney 
engine calculatcrr. The gross weight history curve, baaed on the fuel 
consumption, is ehowa in Fig. 8. Also, see data given in Table I. A 
stopwatch located on the photo-panel was started as soon as take-off 
power was applied, and it rau continuously throughout each test. The 
gross weight at the time each stell W&E performed could be calculated from 
the elapsed time snd the fuel consumed as deteruuned by the engzne cal- 
culator. Since this same method of calculation wa6 used 1n each test, the 
accuracy afforded by the en@ne calculator was considered sufficient for 
comparative purposes. Since the same pilots occupied the came stations 
during aJ1 tests, differences in technique did not enter into the problem. 
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TARE31 

FUEL CONSUMPTIONRATFS 

Aircraft 
Operatron 

Gallons 
Per Hour 

Per Engine 

T&e-Off 
First Reduction 
Climb (Normal) 
Power-On Stalls 
Power-Off Stalls 
Clud (725 hp) 
Glide 

140 

E.5 
'? 45.5 

22.75 
66.5 
25.5 

All stalls were approached slowly end smoothly in calm, stable air 
which enabled the pilot to achieve the same repeatabfilty as was accom- 
plxshed on a teat of three identicsl stalls to determine the minimum pos- 
sable spread of results. No spread existed under these conditions. Stall 
data are shown in Table II. 

5e second portion of the test program was to evaluate climb 
performance before and after tip tanks were mstalled. Agam, the ssme 
methods and procedures were used. These tests were performad in calm, 
stable air over sn altitude span of 1500 feet. Engine power settings were 
set as determined by the engine calculator, and the climb to be mnvesti- 
gated was carefully established at least 200 feet below that altitude 
where the recording equipment was actuated, 5is procedure allowed the 
aircraft to stabilize m the climb before enter- the recorded portion of 
the test. The climb wae then continued to a point about 100 feet above 
the flnal test altitude to eliminate any chance of error8 caused by 
leveling off too soon. 5is test was conducted at the airspeeds sham 
in Table III. Rate-of-climb results are given in Tables III, IV, and V. 
A gross weight history curve is shown in Fig. 9. A glossary containing 
an explanation of standard notations snd symbols is @v-en at the end of 
this report. 

DISCDSSION OF RRSUL'RS ARCI CONCLDSIORS 

As can readily be seen from Table II, the greatest variation in 
stalJ.ing speed was two miles per hour (mph). 51s OCCUrTed only Once. 

Otherwise, two cases of one-mph differenae were noted, one in favor of 



sta11r Tanks Ofi- Tsnk~ On 

STLRT 

ox 1 

ON 2 

IN 3 

ON 4 

OFF1 

OFF 2 

OFF 3 

OFF 4 

77 

77 

71 

63 

77 

76 

72 

70 

Time Altitude 
(2din.-Sec .) (feet) 

12r10 5100 

l2:45 5501' 

15:3O 5500 

1'( :05 5300 

lb:25 5100 

2195 5000 

23:45 4900 

27:05 5000 

30:s 4xJo 

mnifold 
Preseurc 

at lg@J rim 
(bches Hr,) 

26.5 

26.5 

26.5 

26.5 

26.5 

10.0 

10.0 

10.0 

19.0 

An-speed Time IJtitude 
(mph ) (ivAn.-Sec.) (feet) 

__ 13:05 5600 

76 13:50 5900 

77 15:40 5900 

70 l7:35 5800 

6 2o:oo 5300 

77 21:40 4900 

r/ Ia 23:20 4700 

74 24.40 4300 

70 2g:50 5000 

TABLIZ II 

STALL DATA IROid FILXi OF FLIWT lEST 

*ON 1 - Power on , gear up, flaps up. OFF 1 = Power off, ,gear up, flaps up, 
or1 2 = 1ower on, ,vor dotm, flqs up. OFF 2 = Fewer off, gear down, flaps up. 
011 3 = Paver on, Gear dorm, one-half flaps. OFF 3 = Power off, gear down, one-half flaps. 
ON 4 = Power on, gear dovn, f&.1 flaps. OFF 4 = Power off, gear dovn, full flaps. 

Xanifold 
Pressure 

at 1900 rpm 
(Inches He) 

26.5 

26.5 

26.5 

26.5 \. 

26.5 

10.0 

10.0 

10.0 

10.0 

I 



6 

TARLE III 

CLlMB DATA FROM FILMS OF FLIGHT TEST 

Airspeed 

(mph ) 

120 

110 

100 

90 

Airspeed 

(mph) 

Tip Tanks Off 
Time Required for 
1500~foot Climb 

(Min. -Sec. ) 
Start Finish 

06:55 1o:oo 

15:28 18:08 

23~34 26:25 

32:18 35:35 

Tip Tanks On 
Tune Required for 
1500-foot Climb 

(Mia.-Sec.) 
Start Finish 

Total Time Required 
for Climb Power 

(Min.-Set.) 
stsrt Finish 

06:32 lo:28 

14:53 18:25 

23 :lO 26~30 

32:oo 35:35 

Total Time Requued 
for Climb Power 

(Mln,-Sec.) 
start FFnlsh 

120 og:42 12:32 og:42 12:37 

110 17:OP 19:48 17:og 19:54 

100 23:53 26:33 23:45 26~4.4 

90 32:22 35:34 32:05 35:34 

tanks off snd one m favor of tanks on. Examination of the curves 111 Fig. 8 
reveals that the gross weight was practically the same at each increment 
of time during each test. Therefore, it is evident that there exists 
neither a beneficial nor an adverse effect on the stallmg speed of the 
aircraft resulting from the installation of the tip tanks. 

The rate-of-climb tests gave slmllar results as indicated by 
Tables III, IV, and V. Rate of climb, being more difficult to measure 
than stalling speeds, shows somewhat more spread 1p results; however, the 
difference 111 results before and. after tank installation as so small 
that the same conclusions can be drawn as before. 



Airspeed 

120 

110 

100 

90 

120 

110 

100 

90 

TABLEIV 

F3DUCTION OF FLIGHT-TEST DATA ON CLIMB5 

Talka Off 

Symbols* 

Hpr t 2 Vr M-g tr tc Vc V 

(feet) (min.) (fpm) (mph) ("C.1 ("C.) (mph) (mph) 

5500 3.08 486 120 ,174 17 15.5 762 132 

5500 2.67 560 110 .160 17 15.5 762 122 

5500 2.85 526 100 .145 17 15.75 762 110 

5500 3.28 459 90 .130 17 16.0 762 99 

Tanks On 

5500 2.84 529 120 -174 12 10.0 754 131 

5500 2.66 562 110 ~60 14 12.5 758 121 

5500 2.67 562 loo .145 13 11.5 756 109.5 

5500 3.2 469 90 .130 14 12.75 758 98.6 

f7- Ha ts 
(feet) ("C.) 

2 (El1 (:) 
b-pm) @Pa 

.816 6800 4 1.043 507 507 

.816 6800 4 1.043 584 584 

.815 6800 4 1.043 550 550 -I 

,815 6800 4 1.045 480 480 

.832 6200 4 1.02 539 536 

.826 6400 4 1.03 579 577 

.828 6300 '4 1.028 576 576 

,823 6500 4 1.03 482 482 

Wee Glossary. 



Airspeed 
(mph) 

120 

110 

100 

90 

8 

!CABLSV 

CCDRiX9ED RATE-OF-CLIMB COMPARISON 

Tanks Off Tanks On Differential 
b-m) (fpm) @Pm) 

507 536 I+291 

584 577 (- 7) 

550 576 (+W 

480 482 (+ 2) 

One other factor did not prove to be quite 80 inconspicuous. 
!?his was low speed controllability. Installation of the tip tsnks had 
an effect similar to Increasing the aspect ratio. As was noted from the 
wing-tip airflow analysis, the stall onset w&8 moved slightly inboard, 
thereby allowing the tip of the aileron to be in a region of lsmznar flow 
at lower airspeeds and higher angles of attack. A region of high turbu- 
lence WBB shown to exiet at the surface of the tip tank. Further obser- 
vations lead to the conclusion that a pressure pattern existed around the 
tank, creating a secondary longitudinal or axiswise flow which tended to 
neutralize the characteristic outboard diversion of streamlines on this 
psrticulsr wing tip. This outwerd diversum, teamed with another inherent 
flow condition whereby air of higher pressure flows from beneath the tip 
in a spenwise direction to the lower pressure region above the tip, caused 
very abrupt loss of aileron control at stsll onset. Far fromthe idesl 
situation where a wing sts.Jls from some point lnbosrd and progresses out- 
board to the tip, just the opposite situation exfsts on the standard wing. 
The logical conclusion, therefore, appears to be that the small tip task 
diverts enough air back over the trailmg edge of the tip end the end of 
the aileron to give the aircraft slightly better cc&n-o1 about the longitu- 
dinal axis. In the landing configuration, gear down and full flaps, power- 
off situation, aileron control was maintained throughout the stall. This 
Was not experienced with the conventional wing tip. Slow flight with the 
tip tsnks installed was demonstrated to several groups of interested 
people, including a number of EC-3 pilots, end all agreed that there 
appeared to be a greater margin of controllablllty then is normslly exper- 
ienced III a standerdDC-3 airplane. 
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It seems probable that the use of tip tanks, properly designed 
to offset the poor wmg-tip aerodynemics of the DC-3 wing, should result 
in greater aerodynmic efficiencies, affording lower stallzng speed8 and 
better low airspeed control. 
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GLESARY 

EXPLANATION OF STANDARD NOTATICX!?S 

Obsemd pressure altitude, in feet above msl. 

Elapsed time of test, ~II minutes. 

Rate-of-climb curve at Hpr, in feet per minute. 

Observed auspeed, in miles per hour. 

Mach number at Vrd* 

Recovery factor for free air temperature-pickup calibration. 

Observed free aLp temperature, in 'C. 

Temperature resultq from M -K and tr correctlone,* m 'C. 

Speed of sound at tc,* 1p miles per hour. 

Inches of mercury. 

M x Vc, in miles per hour. 

Density ratio*for t, snd Hpr. 

Density altitude* for..7; in feet. 

Standard free air temperature* HDr, in 'C. 

Ratio of absolute corrected temperature TcpK) to absolute 
standard temperature T,("K). 

Corrected rate of climb I- r ” aH 1 / Tc ( 

‘.dtj :z, 
, m feet per minute, 

1 g’ 
\c ; 

q , corrected for difference m gross weight from graph, in 
2 ' il feet per minute. 

*Benson H&m, "Flight Testing Conventional snd Jet Propelled Airplanes," 
Macmfian Company, New York, 1946, Figs. 8:1, 8:2, and 8:3. 
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F% 2 Starboard wmg 
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F,g 6 Picture Taken at Pond of 5tall by Cockpt Camera 
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Fig 7 Picture Taken at Pomt of Stall by Camera 
Photographmg Starboard Wmg-Tip Area - 
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’ FIG 8 STALL TEST, N- I82 (GROSS WEIGHT VARIATION 
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FIG 9 CLIMB TEST, N-182 (GROSS WEIGHT VARIATION CA* Icr**l(*L a”rLOPl/m cc*,m 
VERSUS FLIGHT TIME) 
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