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NATIONAL ADVISORY COMMITTEI FOR A~RONAUTICS 

ADVA CE  REPORT 

EF!E CT P MACH AND REYNOLDS NUMBERS ON THE POWIR-Orr 

nAX U1U. , LIlT COEFFICIENT O!TAI NA1!LE ON A P-39N-l • 

AIRPLANE AS DITERMINED IN FLIGHT 

By Jamel M. Nillen and Burnett L. Gadeberc 

SUMMARY 

e s \' e re conducted on a :Bell P-39:;"'1 airpl ne 

to , r ine th variation ..,ith .ach and Reynolds numbers of 

th x m lift co fficient obtainable. The tests ..,ere 

mad o "it. th e pro eller in the constant-speed h gh-pitc 

settin and ..,ith the power off 1n order to minimi.e th e ef-

f ect of ~ower and the propeller. The i nveltication cov-

ered h-numb r range of 0.146 to 0.65 5 and a Reynold s-

nuob of 4,900,0 0 to 17,100,000. 

The sults ot the inv Itigation indicated that t he 

max mum lift coeffi c ient obtainable decreased markedly l ith 

nn 'n rease in Mach n mber for a given ~~7nolds numb e r and 

oXlibited a tendenc y to incr as e ith an increale in Rc 'u olds 

nu . r for a g iven Mach numb e r up to a Mach number of 0.5 5 . 

ly 
i n 
is 
of 
b 

INTRODUCTIO 

lity. iurnin performance , and t h x i um 

i a mo rn f i ht r-t y p a irplane ro c­

o aximum lift co tfici onts obt in 

sin th ximum lift co e ffici nt ob t 

n tion of Mach an d Reynol ds numb rs, the suitability 

t r slrpl ,8 t various altitudos nd sirap cd mn 

n to pnrti lly d termin d by th I function, 

T' data pr o. ant ed rein ~ere obtained 'ncld ntnl t 

ot r r'. ar ch bein~ co ~ ucted on tho airplane, and it is 
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intended to supplement them with more complete data for b oth 

the power-on an power-off conditions in the near future. 

Al th ough some date. h ve beon obtained in wind tunnels 

on the e fect of Mach and Reynold. number, on the maximum 

lift coofficient. comparatively little data on this subject 

have been o~tained in flight. It i, belieyed. therefore, 

th~t this information also may proye of some value in corre­

l~tin wind-tunnel and flight data. 

DESCRIPTIO~ 01 THE AIRPLANE 

The ~ell P-39N-l airplane 18 a single-place, ingl 

eng n l low-wing. cantilev er monoplane ith r etr a ctable 

len in gear and partial-span split flaps. Figure 1 i6 a 

thr e-view drawing of the airplane and figure 2 showl tho 

airplane as in.trumented for flight teste. The general 

sp cific2tions of the airplane are as followe: 

Airplane 

l~nmo and type • • • • ••••• Bell P-39N-l-BI 
Army Air lorcee 
Number 42-18476 

En ina 

nd type • • . . . . . . 
Pro 011 r . . . . . . . . . . . 

Di8 r . . . . . . . . 
umber of 1 de s • • • • • • 

Hu r win number • • • • • 

131 drawing number • • • • 

!;Ie igi t 

E - y . . . . . . . . . . 
Grosl (normal) • • • • • • • 

Allison, l iquid-cool e 
V-12, in-line, V-1710- 5 

Aeroproductl, constant­
speed 

11 ft 7 in. 

3 

Ar- 325-01 

~20-l56-17 

57 1 1b 

7 3 lb 

h f 8 flown (at take-off) 7990 lb 



• 

IACA ACR No. 4'28  

~i ng loading (normal •• 

Po er l oading (normal) • 

• • • • • • 35. 9 Ib p r Iq ft 

• • • • • • 7.66 Ib per 'bhp 

Cent e r of gravlt7 (al flown) . ~ • • 0.255 M.A.C. 

Wing 

Area • • • • • • • • • • • • • • 213.22 Iq ft 

Span • • • • • • • • • • • • • • ' 34 ft 

Ro ot chord (22 in . from center 
line) •••••• ~ ••• • • 98.6 in. 

ip c h ord ( 2 04 In. from center 
line) •••••• ~ ••••• 50 in. 

T P r rat 10 • • • • • • • • • • • • 1.97 

I c 1 enc • • • , . . • • • • • • • 

Dih ral • • • • • • • • • • • 

Swe p b ck (leading edge) • • • • • • 

Aspec r t i o • • • • • • • • • • • • 5.42 

Lon t h • • • • • • • • • • • • eO.6 in . 

3 

Location • • • • • • . . . . • • Leading ed~e of M.A.C. 
t. 5.41 in. , aft and 
6.62 In. above leading 
edge of root chord 

Airf oil 

Roo • • • • • • • • • • • NACA 0015 

Tl • • • • • • • • • • • • IACA 23009 

Thickn es8 r t 0 (m 8 r~d) 

Statton (from fuselage cent r ne) 

22 • • • • • • • . , • • • • • 0.1480 

, . . . . . . . . . • 0.1448 
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... 70 .0.1400 
• • • • • • • • • .. · 

94 • • • • • • • • • • • • • • • • • • .0.1338 

11 8 • • • • • • • • • • • • • • • • • 0.1261 

142 • • • • • • • • • 0.11 80 

1 6 • • • • • • • • • • . • • • • 0.1091 

190 • • • • • • • O. 000 

Horizontal tail surfaces 

Area • • • . • • 40.99 q t 

S a • • • • • • • • • 156 In. 

Ma.ximum chord • • • • • • • • • • • 52.25 In . 

~i t nc fr 0 normal center of gr vity 

t o o!le-t ird maximum c h ord • • • , • • 14.95 ft -
Eleva or ( mo ified Handley-P e type) 

• 
Ar ( ino lud ing balance) • • 16.89 Iq ft 

Stabiliz r 

Ar ea • • • • • • • • 24.1 sq ft 

Inci d nce • • • • • • • • • 2015 , 

Vert ical 11 surfaces 

Fin 

Ar • • • • • • 7.94 Iq ft 

5 ttin • • • • • • • • • • 1° to left 

Rudder (mod ified 2andley-Pa e type) 

Area (including balance) • • • • • • 11.07 sq f 'li 

• 
 



• 

NACA ACR No. 4128 

INSTRUME NT I STALLAT10N 

Standard NACA flight instr ments were used to obtain 
photo l'aphic records from which airspeed, Itit~e, nd 
th n Olmal acceleration fact or w re determined. The air­
sp oed nd altitude r corders were separately connec ed to 

5 

an ir oed head con isting of a total-head and two static 
tub s. mhe ir8peed hea! , which was vaned and pi otad ab out 
two nx s 0 as to line itself with th r e lative wind, v a s 
loc t d on a boom ex t ending 65 p rcent of the loca c h or 
aho a of the lend ing edge of the wing at t~e right out board 
gun loc tlon. The a irspeed and altitude recorders f O e 
mount t th e bas e of th boom permitting t e use of ~~ or t 
nnd bo t equal l engths of connecting tubing, ther by ini­
mizin g th effects of l~g in tha airspeed and nl tit do re­
co ii s. The tot l-hoad and static lines of the llirs .. cd 
r or r were 0 balanced that air flow causcd by a cha GO 
of ollsit y during flight would cause no orror in the r -
cor cd airsp ed. 

The c ibratlon of th airspeed recordor o.s det cr­
cin cd by recording the pr ossure in tho static 81de of t he 
pit ot-st ti h ead, as me sured by th r ecord i ng ltimotor, 
., : i1 e f i ng pas t e. ref rence point the r c ssure Ititud 
of t hio h nown t t he time th e tests war mnde. Th 

'ration G then t erminod by a sumin g th .t the totel 
rr r n i rsp ed was tha t due to the error in the mO R ur -

mu n t of stnti pr sure. Th s error manifo ed itself by 
th v ri tion of t e recorded Ititude a the airpl ne was 
flo ,;m t e const nt-pr sure ttitude t ifferent air-

• Althou h th c l ibr tion as mad at low altitud s. 
to ter ine r peeds at hi h 1 i ud s 

h ~ach numb r ffects on the pitot-s t a t i 
nd on th bl oc in ffec of the in an p-

i lbl an that he c 11bration fas 
1 t co fficient. Th call r t io 
abov procedure i shown in fi , r 

3. ch n e in th panw 8e d1etr1-
bu t ue to . ch n m r 19bt affect the posi ion 
er ror n ov er-all lift 0 fficient; but, from t 0 
sm . 1 va tion of this error ith lift co fficlent at th 
hi ~h r va u c s of th lift coefficient (flg. 3), It was 
to rr th t any i crepanc' nrisln fro thie effect wo- Id 
be I e ll. Ulin tho nd rd for ul for onlibrlltine ir-
Ipeed indlcator ,t oorrect "ndicatod a irspeed 1s d~fiDed 
by 

V 1 • 1703 [(]9 ~ 9~ + 1 r· 00_ 1 t 
   

 ~DA·.l) 1977 
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, here 

Vi indicated irspeed , milel per hour 

H f ree-Itream tot a l preslure, inchel of mercury 

p free-Itream static prelsure, inches of mercury 

TESTS, RESULTS, AND DISCUSSION 

Th data were obtained by making turns and pull-ups 

t th 11 t 5 ,000, 10,000, 15,000, 20,000, and 25,000 

fee pr ssure altitude. Turns to the stall were made up 

to 6 .. in icated airspeed of 225 miles per hour by the 

pil ot's meyer, nd pull-ups were made ab ove 250 miles per 

~our. In 11 cases the stall was appro ned a8 slOwly as 

pos sible in order to minimize any effect of a rapid ch n 

i l h n 1 of attack on the maximum . lift. The .tall ... as 

ch r c t rized by buff tin and pitching down of the irp lane 

at , t h e highe r ach numbors and by buffeting and rollin to 

t h o r bt at tbe 10 r Mach numbers . rrom this it is in­

fer re t t in th le ter cnse t p stall was occurrin ,hil e 

i n t he orme c set root tall: and a con eque~t chango in 

do - w sh at th t il hich induced th e ose-down tend y 

wa hi pOint is mph sized si ce the chan e lith 

M c ~ n m r of the h racteristic which limited the maximum 

l i t 0 tainable nd th unavoidable interrelation with con­

t roll .bilit presumably ffects importantly the trend of 

t h c r. ioum lift co fficient with M ch number a deter ined 

f ro t he light t s s . If he d h L h rein re used for ny 

o ocpnr on with ind-tunnel r ult , this fact should bo 

borno in Ind . h t rm -m .x imum lift coeffiCient," or 

n ax icum norm 1 cceleration f ctor ,- ns used her in f r 

i n t ', i r po rt sha 1 be undor stood to mean the m ximum 

p re ti 1 lu s i 1 ed by both t effect of compr s i-

b li ~ on tb i n i s 1 nd by th sultnnt f ct upon 

t h 0 roll bilit of t ~o ~i rplnne. he tests were con u cted 

wit r p o r off n wit h th ropell r in the con st t-

, . 1 b-pitch position in n tte pt to minimi ze, s fn r 

B S sibl c , the ff ct 0 the pow r and he propell r. 

1 hough th h t of the irpl cn s flown for th 

te st 799 pounds t t k off , allow n e was m d or 

th solin conuum d until th tim of th tests. The 

~ ch n umbe r w s deter~in d from simUltaneous rcadln" 0 

co r c indicated clrlpeed and oorrectod pressure Itltude 
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anc1 h 
of 
air 0 
o t v. n 
dur in 

Reynolds number was determine from thes e s am v l u s 
eod nnd altitude nd from a knowledg e of th e f r oo­

p er ture. The values of fr ee-air temp eratur e tore 

t o s 

d from tho a vorage of radio.onde observation s t k~n 
th o mornin~ nd evening of the dates of the fight 

Th s o t emp erature , a re .hown in fisur e 4. 

In e leul tlng t he maximum ift coefficient from the 
fli ,ht d t a , tho lift was a •• umed equal to W.1.. It Is 
osti;: .... t that the error involved in thi. a •• umption 1" 
onl' of the order of 1 percent. 

Thus 
WA. 

CL .-max qS 

",h c r 0 

CLc x lift c oe f ie i ent at t h e tall 

W weight of t he irp1 e , pounds 

cecel r a t i on fetor t th at 11 oeesur ed perpendic­
Ular to t ho t h ru t l ine of the irplnne (positive 
in st e dy normal flight). The acceleration f. ctor 
is the r ecorded norma l ccelerntion in feet or 
s cond p er second divided by g. 

Swing .rea, squf'.re feet 

q dynnmic pr ~ ssure at the stall, pounds per square 
foot 

m __________ H __ -__ p~ __ . ______ _ 

(1 +.!'1! 
4 

M" 
+ 40 + • . . ) 

V true irsp od, f oct p r socond 

p .... ir n ity, slugs er cubic foot 

~ Nrch numb r, VIa 

sp cd 0 s ound, f t P r s wond 

eel r~tlon of gr , vit " 32.2 feet per second r 
s oc ond 
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Curves of tho noreal ccolerntion factor obtained at 
tho t 11. plotted aa a function of indicated airspeed for 
5.000. 10,000. 15.000. 20.000. and 25.000 fe t pressure 
al tltu e. are shown in figure 5. In thia figur the ac­
cal er tions have baen corrected to an airplane weight of 
7500 pOlnda, which represents a wing loading of 35.2 poun s 
per aquare foot. The indicated stalling speed at ~ normal 
acceleration factor of one was the same at all altitudos 
to t d. During the atalls at AI. 1 the Mach and Reynolds 

vari d from 0.146 and 5.600.000 at 5.000 feet alt i-
tu. 0 0.220 ' and 4.700,000 at 25.000 feet altitude. 

V lues of the normal acceleration factOr obtained at 
th t 11 a r s own in figure 6 plotted as a function ' of 
altit de for constant values of indicated airspeed. It is 

nt hat the maximum acceleration factor Obtainable 
con tant indio ted airlpeed decreasel only slightly 
n ncrease of altitude for low indicated airspeed, 
creasel by progresaiTely great r amounts with in-

cr altitude t higher indicated airsp ds. 

Curv II derived from figure 5. of the maximum lift 
cOo ficlent plotted aa a function of Mach number for each 
of t ho iv altitudes re shown in fi ure 7. It will be 
no t t· t there is aome difference between the variations 
o maximum lift caoffioiont with Mach number at different 
al u os . Thia ia ttributed to the decrease of Reynold s 
num a r 1i th altitudo . 

Through th us of fi ure e. ~ich shows the vari tions 
of ~n c1 and Reynolds numb or a at v rious altitudes at the 
t im the test flights wer mad t curves of the variat 0 of 
t h m~ ximum lift coefficient with 4ach number for variouG 
Re '01 s numbers were determined I shown 1n figure 9. The 
m "i ift coefficient decreased markedly with Mach numbor 
for , 1 Reynolds numbers tested. 

Fi ure 8 was Iso u ed to determine the variation 0 

ximum lift coefficient 1ith Reynolds number for v a rious 
num ra a s hown in figure 10. It i" 'Pparent th t eve 

a tively hi h .ach numbers the maximum lift coeffi c ient 
i en ed by chan 8 in Reynold. numb r. Thus, if the 
m . 11ft coefficient obtained at one altitude at n iven 
Mac h number i. to be applied to compute performance at ot lor 
altitudes, the effect of Reynolds number aa well aa that of 
Mach number Ihould be considered. 
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CONCLUSIOtIS 

On t~e balis of the testl conducted, the follovln ' 
conclusions may be drawn for the P-39B-l airplane: 

1. The maximum practical lift coefficient, or nor al 
acceleration factor, obtainable in flight was limited l ot 
onl y by the effects of compressibility upon the wing itself, 
but a lso by the related effect upon the controllabilit y of 
the a.i r 1 an e • 

2. Abo ve a Mach number of 0.2 the maximum lift coef­
fi c ient obtainable decreased with an increase in Mach nu~ber 
for a g iven Reynolds numb er at an average rate, 6CL/6M, 
of ? P oximately -1.5. 

3 . Above a Mac h n umbe r of 0.2 the maximum lift co­
efficient obtainabl e exhibited a tendency to increase with 
an i c ' eRsing Reynol ds number for a given Mach number up 
to a Mach number of 0.5 5 . 

4. T~e inc r ease in the maximum obtainable normal 
acc elera t i on fnctor wi t h indicat ed airspeed is less for 
f l i h t t igh altitudes than for flight at low altitudes. 

5 . For a give n indicated airspeed the maximum lift 
coeff i cien t obtainable decreales with an increase in alti­
tude ue to an increase in Mach number and a decrease in 
Reynolds number. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett field, Cali! • . 
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Figure J. - Three _ view drawing or fh~ /Jell P-.39N-1 

airplane. 
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