
WHEIE DID THE PEED 
NACA engineers compiled data on the nature of drag that can help the lightplane designer. 

I 
ife is filled with little problems. 
You designed your Superfire 400 
to fly at 400 mph and it only 
does 300. Glumly, you try to 

determine exactly where you went 
wrong in your calculations. Don't be 
too discouraged. Aircraft designers 
have been struggling with this prob
lem since they began predicting air
craft performance. Most likely, you 
did your math .right. It's during t-he 
conversion from streamlined paper 
design to a practical, flyable airplane 
that the slowdown occurred. 

Fortunately for you, there was a 
group of U.S. engineers during WW-II 
that showed, step-by-step, what occurs 
when transitioning from a wind tun
nel model to ' a flyable airplane. They 
recorded their findings, and the results 
can help you understand how necessary 
configuration changes will affect the 
speed of your design. 

Thank Uncle Sam 
During WW-II, engineers at the 

National Advisory Committee for Aero
nautics (NACA) used the facility 's 

30x60-foot, full-scale wind tunnel at 
Langley Field to study drag effects on 
full-scale fighter plane designs. They 
were striving to understand how to build 
faster-than-ever, prop-driven planes. 
Drag cleanup tests were conducted on 
more than 20 warplanes. During the 
tests, NACA engineers made each test 
subject super clean by taping over every 
opening, removing any protruding parts 
and fairing or reshaping any irregular 
areas that might cause flow separation. 
Thus, they would test the design in its 
lowest possible drag condition. Then 
they would, one step at a time, unseal , 
unfair, and add back each item until the 
plane was once again in its original 
configuration. 

Drag was measured at each step, giv
ing the aircraft designers data on areas 
for improvement of this aircraft as well 
as future designs. On some designs they 
found that it would take more than twice 
the horsepower to push the serv ice
condition aircraft through the air at the 
same speed as the clean-condition air
craft. If both used the same size engine, 
the clean configuration would fly more 

Seversky XP-41 Specifications 
Weight ................................... 6755 lbs. 
Wing section ...... S 3-airfoil, 16.7-8.2% 
Wing area .. ....................... 223.7 sq. ft. 
Two-row, air-cooled 
radial engine with 
gear-driven 
supercharger ...... 1100 hp @ 2700 rpm 

@ 15,000 ft. altitude 
Propeller gear ratio ............. ... ....... 16:9 ,--------" 

Figure 2. A three-view drawing shows the basic configuration and specifications of the Seversky XP-41. 
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than 25% faster than the factory-deliv
ered configuration. 

One of the aircraft studied was the 
Seversky XP-41. The low-wing, all
metal experimental fighter was pow
ered by a Pratt & Whitney R-1830 
engine. The engine was supercharged 
and provided 1100 hp at a 15,000 foot 
altitude. The XP-41 never went into 
production, but if its looks are familiar, 
that's because it was the grandfather of 
the P-47 Thunderbolt. 

During the NACA tests, a full-scale, 
cleaned-up XP-41 underwent 18 mod
ifications that increased drag incre
mentally. NACA engineers meticu
lously recorded the individual and 
cumulative effects of each change, anc() 
insights gleaned from their research 1 

- • 

eventually appeared on the P-47 
Thunderbolt. Many of the high-drag 
items on the XP-41 are either absent 
from or are improved upon on the P-
47. 

Layers of Drag 
Basic geometry parameters such as 

wingspan, wing area, fuselage shape 

~· · I 
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and fuselage size set the minimum drag 
that can be achieved by any given air
plane design. This minimum drag is 
due solely to the friction of the air on 
the airframe. If the shape is wrong, 
there can be additional drag caused by 
air separation. For now, let's assume 
your Superfire is well-shaped and has 
no separation in high-speed cruise. 

So why doesn't it achieve the 400-
mph design speed? Well, in reality, the · 
only place this minimum drag can be 
achieved is in a wind tunnel with a 
super-smooth model. However, it isn't 
a slick wind-tunnel model that you are 
flying but an honest-to-goodness air-

~

lane with an engine, cockpit, fuel 
mks and retractable gear that goes 

1ke a bat out of perdition. All of these 
.;xtras convert your streamlined piece 
of art into a real flying machine but 
they also cause a loss in performance. 

Examining the Evidence 
Let's take a detailed look at what 

each of the 18 items is worth, in terms 
of speed and horsepower, for the XP-
41. This may help you determine how 
fast your design will fly. Table 1 g ives 
:1 rundown on the cruise speed that 
:::ould be obtained with the production 
~ngine at 15,000 feet, the horsepower 
'.hat it would take to reach 400 mph 
md 15,000 feet, and the incremental 
1orsepower at 400 mph and 15,000 
Feet fo r each configuration. The fo l
owing is a short discussion of each 
te rn and how it re lates to a typical 
~eneral aviation ai rplane: 

To begin, we have the sealed and 
·aired XP-4 1 as a baseline. The radial 
! ng i ne nose was le ngt he ned and 

streamlined to minimize drag. The drag 
for this configuration comes from skin 
friction, control surface gaps and mutu
al interference between the wing, fuse
lage, empennage and windshield. The 
XP-4 1 was built with all-metal con
struction and flush rivets, thus mak
ing for a low skin-friction coefficient. 
To further reduce drag, the control
surface gaps were kept to a minimum 
and ~ere probably tighter than most 
general aviation airplanes. Lightplanes 
typically have 1/4-inch gaps and 
require 50 hp to overcome the gap drag 
at 400 mph. 

The windshield was well-rounded, 
resulting in low drag. Interference drag 
was minimized on the XP-41 by a fil
let between the low wing and the round 
fuselage. There were also fillets at the 
junction of the rai I surfaces and the 
fuselage . 

The second configuration change 
was a slight blunting of the lengthened 
nose fa iring. This resulted in a slight 
increase in drag, reducing speed from 

The Seversky XP· 
41 was designed to 
be a fighter plane 
during WW-II. This 
full-scale, super· 
clean test airplane 
was studied by 
NACA engineers in 
a 30x60-foot wind 
tunnel to determine 
the drag effects of 
18 separate 
modifications. 

382 knots to 380 knots at 15,000 feet. 

The streamlined nose fairing was 
removed, leaving the production cowl
ing with its radial engine. Remember, 
at this stage, the exits were still sealed, 
so there was no drag due to airflow 
through the cowl. The drag difference 
was due to the bluntness of the cowl
ing. General aviation airplanes with 
horizontally opposed engines have nose 
shapes between that of configurations 
2 and 3. The obvious lesson is that a 
blunt nose causes drag. 

~ 

The fourth change was the removal 
of the sealing tape on the landing gear 
doors. The XP-41 had a completely 
retracted landing gear with full door 
covers. The only drag was from air 
leakage through the gaps around the 
doors. The only production, single
engine, general aviation aircraft with 
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DRAG 
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landing gea r as clean as this is the 
Beech Bonanza. More typical of gen
era l aviation aircraft is a main landing 
gear with no doors over the wheels 
and even maingear 1ha1 is panially 
exposed to !he slips1ream. Al 400 mph, 
a well-designed, partially exposed land
ing gear would require 135 addi tional 
horsepower 10 main1ai11 1he same 
speed, based on !he XP-39 data. 

~ 
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Figure 3 shows 
the el/eel of 
aircraft scale 
on horse· 
power. 

Figure 4 shows 
the percentage 
of horsepower 
required lo fly 

al different 
design air· 
speeds and 
alliludes. 
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ges1ed that i1s drag could be reduced by On mos! low-wing airplanes, the 
7 t increasing !he leading-edge radius of lop of the wing is used as a walkway lo 

All pis!On and lu rbine engines 1he scoop and leng1hening the af1er- en1er 1he cabin. The smoo1h curved 
requi re oil to lubrica1e !he in lernal body. This would have reduced air- surface of an all-melal wing is difficult 
moving pans. Lubricating a ho1 engine Gasoline engines require air to mix flow separation behind 1he scoop. lo stand on, especially if i1 is wet. To 
heats the oil, and 10 cool this oi l it with the fuel 10 allow combustion. Step provide a sli p-proof surface, a banded 
lakes an oil cooler, which is essen1ial- 7 of the 1est was to add a carburetor air ~ walkway is added 10 the top of the 
ly an oi l-filled radiator. The XP-41 has scoop. The scoop on 1he XP-4 1 did an e wing. It costs drag, but if people ea~-
its oil cooler inside U1e fuselage with an excellent job provid ing air 10 the car- ily slipped off 1he wing and were 
ex ternal scoop on !he belly to capture _ ._ buretor, but the NACA engineers sug- injured, what would be 1.he effect on the 

cool air and an exit hole farther aff_») 1
1•===========================================:::;-Step 5 was lo install the inlet scoop .,,. 

a~d unseal U1e inlet and exit, pem1itting 
a,r to flow through the oi l cooler. This 
design was found to have a significant 
amount of drag, and it did not cool the 
oi l .suffic ien tl y. NACA enginee rs 
designed an underslung oi l cooler that 
not only cooled the oi l, but did it with 
approximately half U1e drag of the orig-
inal design (68 hp instead of 129 hp at 
400 mph). 

An obvious requirement for any air
craft is a reasonable way for the pi lot 10 
enter the cockpit. In !he case of 1he 
XP-41 , when the fairings over the 
canopy frame and slide !rack were 
removed. !he drag went up- the fair
ings produced more drag than what 
they were supposed lo fair! Most ligh1-
planes have doors, and 10 min imiz., 
!heir drag, !hey must be well sealed tJl!··1 

prevent air leakage. Care must also be 
taken to prevent leakage and drag when 
designing hinges and external handles. 

©@ f1il U Qil If W a f1il ®U If Qil 1Ml@f1il U ©@If [p)@ lf@U O@fJil 
YOUR INSTRUMENT OVERHAULED • FAA REPAIR STATION #TJ2R189L 

All prices include the normal replacement parts. You will be contacted of other charges are incurred. 
All Instruments are new or FAA certified with one full year warranty. 

Price 
Gyro Horizon 3 inch vacuum ..................... ..................... $195.00 
Direclional gyro 3 inch vacuum ...... .................................. 195.00 
Gyro-Horizon - electric ..................................................... 295.00 
Direclional gyro - eleclric ........................................ ......... 295.00 
Rate Gyro - eleclric ................. .... ..................................... 135.00 
Electric turn coordinator ..............•............................. ....... 115.00 
Vacuum !urn & bank 3" ................................................... . 129.00 
Accelermelers .. ......................................................... ......... 85.00 
True airspeed ................................ ..................................... 60.00 
Airspeeds ........................................................................... 50.00 
Al!imeters .. ......................................................................... 95.00 
Encoding Altimeter 3 pointer ................. .......................... 195.00 

Drum Type Encoder .......... ...................... .................... 295.00 
Single lemp gauge ............................................................. 35.00 
Dual lemp gauge ...... ................................................. ........ 60.00,_~-. 

Weekday 7-5 c.s.t. 
Prices subject to change without notice. 
Most items shipped same day. 

Fax: (316) 522-7694 
Do1l't f orget to call us for our free 
f orty page catalog. 1-800-733-0116 

«$Jll ®» ®®$J .. 7!@7ll} 0 l} "'®@@ .. 7!$3$3 .. @l} l} ® 
4440 Southeast Blvd. Wichita, Kansas 67210 

Pio 11s on Ruat1 5'MU C,ua 
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popularity of the desig11 ? The banded 
walkway is a necessity. 

9 

t 
Step 9 was the addition of the ejec

tor chute for the used machine-gun 
shell casings. The FAA doesn't per
mit you to drop objects from aircraft 
when over populated areas, so even if 
you have machine guns, you better not 
eject the shell casings. 

.- 10 

t 
The exhaust stacks were added for 

the tenth test. There were two stacks 
and each was approximately 4 inches in 
diameter with a streamlined fairing in _ 
front of each stack. The drag of th ·~ ~ 
exhaust stacks on the XP-41 was ½ to ½ 
the value of most contempor·ary radial
engine aircraft, and this was primarily 
due to those streamlined fairings. 

11 

t 
Configuration change 11 was the 

addition of the intercooler. When a tur
bocharger or supercha1·ger· is used to 
boost the engine manifold pressure, it 
also heats up the air. Increasing inlet air 
temperature causes a loss of power 
output , which red uces the pow e 1· 

increase due to higher· manifold pres
sure. An intercooler is simply an air·-to
air heat exchanger used to coo l the 
supercharged (p r·ess ur·ized) ai1·. The 
XP-41 intercooler l1ad a scoop on the 
1·ight side of the fuse lage, just in fr·ont 
of tl1e wing, to captu1·e the cooling air. 
The cooli11g air was ex l1austed tl1rough 
an ou.tlet on the lower fL1 selage. 

Botl1 the inlet and 0L1tlets wer·e well 
designed and contribL1ted littl e to the 
?rag of tl1e installatio11. The n1ajority of 
1ntercoole1· drag can1e from ineff.icient 

,
1
t ~ • cts in the cooling and engine pas
\ . ages. The intercooler on XP-4 1 was ,1n 

add-on installation and the existing 
space available in the airframe did 11ot 
permit an efficient design. Most general 
av iation intercooler installations are 
also add-ons and suffer from simila1· 
space limitations. Luckily for U.S. 
pilots, the engineers at Republic Avia
tion (formerly Seversky) learned fo1·n1 
the XP-41 and designed a mor·e-effi 
cient inte1·cooler installation fo r the 
fo llow-on P-4 7 Thunderbolt. 

(, 

12 

Step 12 saw the tape over the cowl 
flap exit removed, allowing cooling 
air to flow over the engine. The cowl 
flaps were in the closed or high-speed 
cruise position. Drag for the cowl t1aps 
in the fully open or takeoff/climb posi
tion would be much higher. 

-- c=-1-.l.>.": ~r--
13 · · 

..... . .. ....................... ~ 

The engine is not the only thing that 
needs cooling. Accessories such as 
gener·ators and radios also generate 
heat and need to be cooled. The tape 
seal over· the accessory cooling ai r exit 
was removed in thi s co nfig urat ion 
change. 011 the XP-4 I , the accessory 
air was drawn off the engine-cooling 
airf low and was exhausted through 
slots on the side of tl1e fuselage at r·ight 
ang les to th e exte1·nal a irs trea m. 
Today' s light planes have far· 111ore 
av ionics and accessories th ,1n WW-II 
rnilitary ai1·craft, and particul,1r atten
tion needs to be paid to their cooling. 

14 
• • • 

I 11 Step 14 tl1e seals were 1·e111oved 
· r o 111 a 11 s k i n j o i n ts a n d co w l - 1-1 a p 

~ 1i11ges. When the air· leaks out ot· t11ese 
open i 11gs, it causes tl1e ai 1·flow i 11 th ,1 t 
1·egio11 of tl1e fL1 se l,1ge sL1rf·ace to sepa
rate, resL1lting in highe1· drag. 



DRAG 
CONIINU(D 

Pilots need aircraft designers to pro
vide them with adequate ventilation 
systems. Payment for this comfort was 
a I-mph decrease in airspeed at I 5,000 
feet. 
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Figure I. To get from a fully faired and sealed mo<kup 
to a configured-for-fllght aircraft, 18 incremental 
changes were necessary. 
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Within the cowling of the XP-4 1 
was a venturi to provide vacuum for 
some of the instruments and systems. 
The venturi 's ex it was in the lower 
cowl. When the seal over the exit was 
removed, the drag of the air through the 
venturi could be determined. If an 
external venturi had been used instead, 
the drag would have been greater. 

This configuration change was the 
addition of two 0.50-cali ber machine 
guns and their blast tubes to the upper 
nose cowling. 

The final step was the addition of 

Condition Description Cruise Speed Horsepower Incremental 
Number with 1100 hp for 400 mph horsepower 

@ 15,000 ft @ 15,000 ft (400/15,000) 

1 Completely faired condition, 382 1260 -
long nose fairing 

2 Completely faired condition, 380 1282 22 
blunt nose fairing 

3 Original cowling added, no 368 1411 129 
airflow through cowling 

4 Landing-gear seals and 367 1427 16 
fairing removed 

j ~i 
Oil cooler installed ~ 5 356 1556 129 

6 Canopy fairing removed 357 1540 -16 

7 Carburetor air scoop added 354 1586 46 

8 Sanded walkway added 350 1639 53 

9 Ejector chute added 348 1662 23 

10 Exhaust stacks added 345 1707 45 

11 lntercooler added 340 1791 84 

12 Cowling exit opened 335 1874 83 

13 Accessory exit opened 333 1912 38 

14 Cowling fairing and 329 1981 69 
seals removed 

15 Cockpit ventilator opened 328 1988 7 

16 Cowling venturi installed 327 2003 15 

17 Blast tubes added 326 2026 23 

18 Antenna installed 323 2087 61 
--

Total 827 

Table I. Each of the 18 changes are listed, and the effects on required cruise speed and horsepower are tabuloted.f \ 

the I-tr' rad io antcnna. Although most 
lightplanes do not have an antenna that 

•
rotluces as much drag as the W\V-11 

-~ ghter HF antennas. they do carry far 
more avionics, including many lower 
drag antennas of various types. The 
final result is that the typical general 
aviation airplane has a total antenna 
drag about the same as the XP-41 . 

What Does It All Mean'? 
The cumulat ive effect of these 18 

incremental changes is that the XP-41 , 
in a realistic configuration. is I 5% slow
er than the initial minimum-drag esti
mate. In other words, to 0y the same air
speed as it could in the low-drag 
configuration, the real plane would 
require an engine 66% more powerful 1 

But how does this XP-41 aerody
namic testing relate to light aircraft 
design? Typical four-place production 
light airplanes are about 90% the size 
of the XP-41, while typical two-place 
homebuilts are about 70% of its size. 
Figure 3 shows the effect of aircraft 
scale on horsepower. From this data 
you can determine relative horsepow-tJr for your size aircraft. 

·... If you desire performance informa-
tion for other altitudes and airspeeds, 
Figure 4 gives good results. It shows 
the percentage of horsepower required 
to fly at different design airspeeds and 
altitudes as compared to that for 400 
mph at 15,000 feet. The factors from 
Figures 3 and 4 can be multiplied to 
obtain the horsepower required at a 
different airspeed, altitude and scale. 
These factors can be applied to either 
the total horsepower or to the change 
(delta) in horsepower for a particular 
component. 

So, if you're wondering why your 
Superfire does 300 mph instead of 400 
mph, don't be discouraged. Remember 
that you' ve designed a real-world, fly
able airfcraft and not just a super-
smooth display piece. D 

References: Paul L. Coe, "Review of 
Drag Clea1111p Tesrs i11 La11gley F11/l

((lf Cale Tun11el (From 1939 to 1945) 
1~Y.,pplicab/e to Current General avia

tion Airplanes," NASA TN D-8206, 
June 1976. James R. Hansen, "Engi
neer in Charge," NASA SP-4305, /987 


