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f!IEMOH ANDill,lI REPORT 

for the 

Anny Air Forces, Materiel Command 

FULL-SCALE TUNNEL MEASUREMENTS OF THE PRESSURES 01; 

THE ELEVATOR AND FUSELl\.GE OF THE CTTRTISS XP-55 AIRPLANE 

By Richard C. Dingeldein 

IN'l'R ODUC TI ON 

At the request of the Army Air Forces, r,fateriel Com.~and , 

force t ests and measurenents of the pressure distribution 

over t he elevator ana forward part of t~e fuselage were made " 

on a flying model or tho Curtiss XP-j5 alrplane in the NACA 

full - scale tunnel. The results of the force tests, which 

include lift, drag , pitching-moment, and elevator hinge

moment measurements , have been reported in reference 1. 

The results of the elevator pressure measurements are given 

in the present paper . 

The XP - 55 is a low- 1 ,ing airplane wlth the engine and 

p r opeller l ocated at the rear of the fusolage. Longitudinal 

and directional control are obtained by means of an elevator 

l oc ated at the nose of the fus elage and by fins and rudders 

a ttached near the wing tips . 

':[1he pressures were r.1easured over a \vide range of eleva

tor and elevator tab deflections for several angles of at 

tack of the fuselage axis with the landing flaps retracted 

and deflected L~5° . A few tests were made to determine the 
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pressure distri~ution over the f or ward part of the fuse l age 

wi th the e l evator removed . 

An analysis has been MRde to show the distribution of 

n ormal - fo r ce c oeffic ient across t he span of the elevator and 

a conpar is on is given of the elevator normal - f orce coeffi

cient s determined fr01I1 the pres sure me&8Ul'ements and those 

de t ermined from the f orc e tests , Some c a~cul ations have b een 

made of the fuselage nor .nal - fo r ce c08fficients by means 0 ,. 

exi sting theoretical kn owledg e [md t he se r e8ults are compared 

wi th the experinental dat a . Owing t o th8 [, 6ne ::."al a'lJ plic a 

bil ity of the d a ta to canard-type airp lan'3s , the anal:rsis has 

been extended to jnclude a dis c u ss i on of the wltua l e ff ec t s 

of ·t he el evator and fus e lag e loading s on the norma l - force 

distributions . 
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differenc e b e tw e en fr e e -str ':3 am stati c pressure and 

loc a l static pressure 

fr e e - stre a~ dynamic press re 

normal f orc e 

section normal fo r ce 

. surface area 

e l e vat or chord 

angle of attack of the f'.lse18.g e axis r e lat1.ve to 

free - s tream directi on, d ecrees 

• 



0 
('V) 

j 

- 3 -

o control - surface deflection, degrees; positive with 

trailing edge down 

c n section normal - force coefficient, n/qc 

CN normal - force coefficIent, N/qS 

CL lift coefficient, L/qS 

dCN 
1 e --

dOe 
elevator effectiveness 

dC"J r e --
dOrr 

elevator tab e f fectiver As s 

Subscr ipts : 

e 

f 

T 

F 

elevator 

wing flap 

elevator tao 

fuselage 

APPARATUS AND I'ESTS 

The flying model of the Curtiss XP-55 airplane, which 

is designated the Cl<.rtiss model 24B, ;8 shown mounted in the 

NAC A f ull - scale tunnel in figure 1. A three-vie~1 drll\'ling 

giving the i nportant d i men~i ons of the ai r plane is shown in 

f i gur e 2 . The elevator; wh:'ch is hinged at 13.42 perc ent 

of the chord , has a symmetrical lov/ - drag airfoil sectIon that 

was developed by the manufactu rer . TIle elevator is equipp ed 

with trim tabs having a span of 50 percent of t~e elevator 

" 
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span and a c hord of 25 pe r cent of the elevator chord. The 

elevator was directly connected to the stick, but the tab 

angl e wa s adjusted by means of a separate control in the c ock 

pit . 

Flush- type st a tic - pressure orifices were installed in the 

left elevator and tab and in the left side of the fuselage . 

The inside dia~eter of t he orifice tubeR was 0. 090 inch. The 

location and identification of tne orifices are given in 

tables I to III and in figur es 3 to 5. 

Al l the tests were made at a tunnel airspeed of approxi 

mately 63 mil es pe r hour and wi th the airplane propeller re -

moved. Pressure measurements were taken for ·various eleva-

tor deflections with the elevator tab neutral at ang l es of 

attack of the fus e lage axis of 0.9° , 4.6°, 12 . 0° , and 15.8°. 

The effects of deflecting the elevator tab on the pressure 

distributions over the horizontal tail surfaces were deter -

mined at angles of attack of 0.90 and 12 .0° . Most of the tests 

wer e made with the landing fl aps r etracted; however , a few 

tests were made with the flaps deflected 45° , The complete 

test program is listed in table IV. 

RI£SULTS AND DISCUSSION 

The test results ( tabl es V and . VI) have been corrected 

. for jet- boundary effects (reference 2) , t h e longi t ud inal . 

static-pressure gradient in the jet, and stream angle and 

. - - - - .. ---~~-- ----
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blocking effects at th~ elev a tor ( re fer tnce 3) , and th8re

for e differ slightly fror~ t he data presented .:..n the nrellmi

nary Y' e~ orts . Cbordwise p r essure dl3t r lblltlons OVG!, the 

elevator and forward part of the fuselagA were ~lotted from 

the ~ e data . Int e3rati on of t h e chor dwise presEurs ~13tri 

butions gave th e dlst ribution of' norr'lal-force coeff'iciellt 

across the horizontal taOl span whi ch was then lnte. pa tnd to 

obtain averap.- e value c of e levator and fuselage nor:1sl -force 

coefficients . In the deter;;lination of the span\\ise norl:lal 

force distribution , the chord of the f U3elege hOB been t ak en 

as 29 .8 inc~es , which corresponds ~o the chord &t the 

eleva tor - fuselage juncture . The elevator nOI'!:1al -foY'ce coe f -

fici ents are given ~n table IV . 

Chordwis e pressure distr ibu ti ons . IsonetriJ charts of 

typical chordwise pressure di strib'.;.tions ove r the elevator 

and forward part of the f nselage arFJ preS (mt 0 r ( in ficures 6 

to 19 . The effects of the elevator ffild fuselage load ings 

on the r esultant ~ressure distributions are clearly ~hown in 

t hese fi gur es . The normal force on the fusalaze increases 

for posi ti ve defle c ti ons of t:1G e1 fJ Vator a~J.d decrease s for 

negativ D deflections of the elevator . . greater percentage 

of the normal force on tho horizo~tal tuil surface i8 carried 

across the fuselage when the tab is deflected ~ith ~he Gleva

tor neutral than when tho el evator is deflec~ed with the tab 
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neutral inasmuch as t.he gap be-crieen the elevato:c a~ d the 

f us elage is smaller for tab do lections than for el evator 

deflection~ . '11he load on the fuselage diY'ectly affects the 

load on the e l evator SUCl1 tha t., a t hj. r-;h an.Ed.os of ~lttack of 

the fuselag e , the p r essure differences between the upper and 

lower su rfaces of th e inboe r d section of the elevator are in-

creased , wher eas tll.e outboar d sections are not appr eciably 

affected . ( See f igs . 7 arld 16.) It should also be not ed that 

at positive angles of attack of the fus elage t he p r essure 

near the trailing edge of the elevator ar e mor e ne gc tive fo r 

the inboard s ections t han for th p. o: .l t~oard s e ctions . 

At aT,1 ;;;: 12 . 0 0 
.C • 

~ 1 00 ( f" 1 7. ) v e = - J. g • ,) , s t all cccurr E: d and 

over the center section of the elevator, but the f us elage re -

mained unstalled . At an angl e of att ack of 12 . 00 (fig . 16 ), 
o an elevator def18ction of - 1 0 wuld be expec ted to result in 

a smaller elevato r l oadi ng tha~ is shown inaslllic} as the angle 

of the elevator \ ith r esp ec t to t h e f r e e-stream direction is 

onl y 2 . 0° . The high e l ev ~ t or loading for t his conditi on is 

due to the eff ec ts of the upwash ahe a d of the wing and the 

fusel age - pres sure distri bution. The upwash due to the wing 

increases the eff ect i ve anGle of a.tt ac k and t h e normal - force 

coeffici en t of the elevator . The n reS SUT'C difference~; b e -

. t ween t he upper and lowe r surfa ces of t h e f us Glage extend 

across a par t of t h e elevator and t en d to incre ase t h e negative 
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pressur es on the upp er surf ace at the rear of the elevator. 

These eff ects incr ease with angle of attack and cause thG e16 -

vator to float nose d01iJD wi th respect to the free-stream 

direction . 

The static -pressure differencerJ betvJeen top and bottom 

lOl1.t?;itudinal sections of' the fuselage are plotted in fi ,::.ures 

20 to 22 f o r various angle s of .::..ttack wi th the elevator md 

t ab ne1Jtral . The 10ngi tudL1al loc ati on of the elevc3.tor with 

r espect to the fus elage is drawn GO ccale in each figure. 

The elevator floatine; angles detcrl:-lir.ed from the force tests 

ar e shown iIT figur e 23 . At uF = 12 .C o , the elevator floats 

at - 7 . 0 0 ".Ivi th respect to the free-strean cirection. The 

float i ng angles for any par·ticular anele of attack shown in 

f i ~ure 23 arel . 50 less than those g~ven in reference 1. 

This discrepancy repr e s ents a correction fo r the difference 

in the average strea:P1 angle across the elevator and vYing 

span which has been applied to t he data. 

Span- load distribution . - The di stribution of normal-force 

coefficient across t he sp an of the elevator for the various 

test conditions 1s shown in figures 24 to 29 . The loading 

across the fus e lage shown in these figures represents the in-

crement of normal - force coefficien~ due only to the presancc 

of the elevator and was determined from the difference in the 

p r essures on the fus e lage wi t h the elevator attached to the 

airplane and with the elevator removed . 



- 8 -

The spanwise distributions of normal - force coefficient 

for vari.ous elevator deflections VJith the tDb neutral and for 

various tab de f lections with the ele vator neutral at a = 0.90 

are shovm .Ln f'if~ures 24 and 25 . A comparison of these figures 

shows that a tab deflection equal to twice that of the elevator 

produces very nearly the same l oad on the horizont&l tail; that 

is, the total l oad on the h orizontal tail surface produced by 

a _10 0 tab deflection with the elevator neutral is very nearly 

equal to that produced by a - 50 elevator deflection with t~e 

tab neutral . ( See fig . 26 . ) In addition , these figures show 

that for a gj.ven tnb deflection, the f uselage and the inboard 

section of the elevator ara nore highly loaded than for an 

eleva tor d e."lec ti or' produc i le; the sarne norr.18.l - force coeffi -

cient. Figures 27 to 29 show the spanViise distribution of 

normal - forGo c oef ficient at angles of attacl{ of 1~ . 6° , 12 . 0 0 , 

and 15.80 for various elevator deflections with the tab neutral . 

The effect on the elevator span loadings of deflecting the 

, 0 0 , 60 wing flaps 45 at fuselage angl<3s of attack of 0.9 ,4. , and 

12 . 00 (fig s . 30 to 34 ) is snall . Reference to the force tosts 

(refe rence 1) shoWGd that the aVtn'age incremont 0.1' lift cooff1 -

cient due to this fla;J defl(;ction vias only about 0 . 23; hence , 

the up Vi 8h at th e elevator ChiC to d efl ~ cting the wing flaps 

is small . 

Normal - force coefficionts . - A sum~ary of the aver~ge 810 -

vator nornal - force coefficients obti).ine~ from the span-load 
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dlstributions of fi gur e s 2L~ to 34 is given in table IV. A 

comoarison is made in fi gur e 35 of t!le eleva.tor Affective -
_deNe 

nes s, determined from the pressure djstributi0ns and 
dOe 

o 
from the force t est s at four ansleE! of attaclc from 0.9 to 

The elevator effectiv eness obtained fro1'1 the force 

tests va s determi!1ed by comparing the pitching momenca of 

the airp l ane wi th the elevator removed and attached. The 

elevator effectiveness ob t ained fr on the presEura ~easure 

ments was 0 . 042 at all angles of attack as co~~ared with an 

a verage value of O . O~.O determined fron the force tests . 

deNe 
The s mal l difference between these values of probably 

dOe 

re sul ts from the change in p i tchin:-s monent of the inboard 

section of the wi ng due to t he elevator trailing vortices . 

At G.F - 15.80 the value of normal-force coefficient deter -

mined from t he force tests at any elevator deflection was 

abo"ll.t 0 . 14 gr e a t er than that determined 
del'e 

dOe 

from the pressure 

measurements although t he slopes , were approxi-

mat ely equal. This discrepancy probably results from the 

f ac t that part of the wing was stallE.d at this an6 l c of at -

tack . 

Values of the normal -force coefficient of the elevator 

for various tab deflections with elpvator neutral at an 

angle of attack of 0.90 are pr e sented in figure 36 . 1'he 
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dCI'f 
tab effectiveness , d6

T
e , determined from these results 

is 0 . 024 . Thi s v~lue is about one - half as large as the 

elevator effectiveness . 

The fuse l age normal -force coefficients determined from 

the pressure da t a with the elevator re.!:1.oved are given in 

fi gure 37 . , conparison has bee u made of these values and 

normal - force coeffi.cients caJ.culated by 

in referenc e L~ . Although the slopes, 

the nethods presented 
dCll ... 
~~ ar e in fairly 
a.uT ' 

good agreement , the results based on t he pressure data indi-

cate that t~ere 1s a small up load on the f u s e lag e at ZGro 

angle of attack of the fuselage axis . 

1. 

S"C liIMARY OF RESULTS 
dC t T 

The elevator effect i veness, --~, obtained from d6 e 
the pre ssure TIeasurements was O. ol~~ . This valu3 was in go od 

agreement with that deternined from force t es ts . 

2 . The e ffec tiveness of the elevator tab as about h alf 
dCNe as g r eat as t he el evator eff ectiveness; a v alue of ~ 
dUT 

of 0.024 was measured . 

3. The change in the elevator norr;1al - force coeffic i.ent 

result ing fr o1. d eflec ting th e wing fl ap s 4_5 0 
was small . 

4. The n e r mal-forc e c oeffici ents of t he inboar d sec tions 

of the elev ator increased as the loading on the forward p art 

of the f usel age incre a sed . 

5. A greater pe rc en t a ge of the norr.lal force on the e leva-

tor surf ace wa c arried across t he f u selage when the tab was 
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deflec ted with the elevator neutral than when the elevator was 

deflected wi th the tab neutral L -!asmuch as the gap bet1ileen the 

elevator and tbe fuse lage was s;-:1aller for tab deflections t ':1an 

~ or elev ator deflectio~s . 

6 . The press re me asurements indicated that the eleva-

tor will tend to f16at nose down wi t h respect to the free -

stream direction due t o the effect s of fuselage interference 

and wing upwash . 

Langley Memorial Aeronautic al Laboratory, 
National dvisory Comm.ittee for Aeronautics, 

Langley }<'i eld, Va ., June 14, 1943 . 

- ) 
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