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Table of Notations 

~ slipstream factor, explained in text 

dCL · 
= - = slope of lift curve for infinite aspect ratio 

d<\, 

a area of propeller disc 

= aspect ratio of wing 

= aspect ratio of tail surfaces 

= a factor explained in text 

b = wing span 

~ = propeller blade angle setting, at ?5% radius 

CH ::a hinge moment c·oeffi ci ant 

CEo = a factor explained in text 

lt . dr D - T CR c resu ant ag coefficient= qS 

C.G. = center of gravity of airplane 

CL = lift coefficient = L/qs 

CM = pitching moment coefficient= M/qst 

¾ = mo~ent coefficient of wing about mean aerodynamic center 

CMw = pitching moment coefficient of wing alone 

CMw+F -= pitching moment coefficient of wing and fuselage= CM(no tail) 

Ci,i1t = pitching moment coefficient of tail 

CMth = pitching moment coefficient due to thrust 

CM]-= .pitching manent coefficient of fuselage 

Cy = yawi~ moment coefficient= Yawi~
3
m~ent 

d = distance from leading edge of wing to C.G. 

D = drag , a force parallel to air velocity 

D], = fuselage diameter 

Dp = propeller diameter 
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e = elevator angle 

et = elevator tab angle 

H. M. = hinge moment 

J = advance ratio• V/nDp 

k = a constant 

K = a factor explained in text 

L = lift, a force normal to air velocity 

.1 = tail length (c.G. to elevator hinge) 

M = pitching manent of model about C.G. 

n = revolutions per second 

P = power 

q = dynamic pressure = ! pv2 

Q = torque 

~ = torque coefficient 

r = rudder angle 

r = propeller radius~ Dp/2 

R = a factor explained in text 

R = a factor explained in text 

s = angle of incidence of stabilizer 

s = wing area 

3t = tail area (horizontal surfaces) 

T = thrust 

T
0 

= thrust coefficient 

t = mean ae~odynamic chord length 

t 8 = SEis ~ 16-un1z G. i 



V 

w 
a 

= air velooity 

= weight of the airplane 

= angle of attack 

= geometrical angle of attack 

= geometrical angle of attack of horizontal stabilizer 

= aerodynamic decalage 

= "increment of" 

= tail efficiency 

= angle of c'iirnb or glide 

= air density 

(f'" = an angle, expl_ained in text 

(/). = angle of yaw 

) '= (. ) '"power on"; e. g. CH' = CH "power on", etc. 

h = distance from leading edge of wing to mean· aerodynamic center 

Ll °Mo= increment of manent coefficient change at c1 = 0 due to fuselage 

4 0.Mt; = a factor explained in text 

~ F a a factor explained in text 
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WIND TUNNEL TESTS ON A LOW- WING MONO~ 

WITH PROPELLER RUNNIN~ 

lntroduetton 

Various tests have be.en conducted on airplane wind 

tunnel :models with an operating propeller in an endeavor to 

furnish the industry data as an aid in design and performance 

predict ions. At the GA.LCrr • these investigations have comprised 

the material set forth in referenees 1, 2 and 4, 

The tests conducted by the authors of this pa.par 

represent a continuation of the above-mentione-d investigations. 

The purpose of the present te~ts was to determine l) the effeet 

of power on static longitudinal stability (elevator free); 

2} ·the effect of po-'.'er on hinge moments (at various tab angles); 

and 3) the effect of power on static directional stability with 

the model operating at high and low angle of attack. 
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Des~r1ptiPA of Model 

The model used was thst of a typical low-wag, 

single-engine tractor monoplane to one-sinh scale. Con

sequently, the results of the present tests are most directly 

applicable to airplanes of the · DX>del' s general design. Never

theless, the effects ere considered to show ·qualitat1vely what 

may be expected in general. in multiple-engine tractor monoplanes 

-of present day design. 

The model e-ssentially consisted of a. Northrop Alpha 

wing and fuselage combined as a low-wing mo.noplene. A Northrop 

XBT-1 empennage was used. An N.A.C.A. oowling to one~sixth 

scale wa:~ conventionally mounted over the nine-cylind-er radial 

engine profile, as sho n in the photographs, Fig. l. Isndtng . 

gear , tail wheel and ~oekpits with wind~hields were omitted from 

the model. A oonventional fillet between the fuselage and ·the 

upper surface of the wing was employed on all test.s. Fig. 2 

gives the principal chare.oteristics and dimensions of the model. 

The propeller used was a tbree•bladed f1xed-p1 t -ch 

metal propeller, eighteen inches in diameter with eaoh blade 

profile to one-sixth full scale. Th~ Hamilton S~n~ard lAl-10 

blade form was used except that 10% of the radius wes cut off 

at the tip of eaeh blade. Blades were set at~• 29° at the 

three-quarter radi'us. Power was approxi.nvitely 1/36 of full-

B 



FRONT VIEW REAR VIEW 

MODEL MOUNTED 
FO/l 

LONG/TUO//VAL STABILITY 

RUNS 

TAIL SURFACES SIDE Vl£W 

MODEL MOUNTED 
FOR 

DIRECTIONAL .STABILITY 

RUNS 

SIDE VIEW FRONT VIEW 

FIG. NO. I 
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scale power for a 400-450 H.P. engine. (i.e. 432/36 = 12 H.P.), 

furnished by a three phase, squirrel cage induction motor . 

Propeller revolutions were six times full-scale revolutions. 

rrhus, the linear velocities of the propeller blade elements 

equaled full-scale velocities. Since the dimensional homo

eeneity of the power was preserved, and linear velocities of 

the rnode l prGpeller approximated those of a full- scale airplane 

propeller. the slipstream effects should closely simulate those 

encountered at full scale. 

rm 

nm 

Explana~ion: Let )m refer to properties of the model . 

refer to properties of full-scale 
airplane. 

Note: Din ~ 1/6 D; nm ~ 6n; Vm - V; Qcm • Q0 ; 1m s . 
p p 

Since • P ,,, 2 1l nQ and Q ,,. Qcp v2nj 

Pm - 2 11' llmQ,0 pv2Dr; ,, 
P = 2 1'r n Q0 pV2D~ 

Substituting ratios of properties all in terms of ( ) 

1 
• 2 17' :X: 6 X 216 

2 -Tr xl:x:l 

Further, linear velocity of model' s propeller= 

,,,..,.- 17' 1 - -2 ,, rm11u~2 6rx6n e 2 17' r n 

linear velocity of full- scale propeller -

1-} 2 1Trn 2 7T r n 
,,. 6 r . . . (Vm) prop . ~ (V\rop. 
_ 6n 



Description of Apparatus 

For the purpose of determining static 

longitudinal stability (elevator free) , the zoodel was mounted 

as shown in the photographs, Fig. 1. Air velocity, geometrical 

angle of attack, resultant drag force , lift, and pitching 

moment, ~ere measured in the conventional manner as set forth 

in reference 3. The ·stabilizer was ~ocated in the upper middle 

position with stabilizer angle: +1.3°. The elevator was 

statically balanced by means of a counterweight housed in the 

empennage . The counterweight was mounted on an arm secured 

to the elevator's torque tube at the fuselage centerline. The 

tabs were mounted on the elevator as shown in sketeh 1, and by 

means of a friction hinge could be seeurely set at any desired 

angle. * A partial aerodynamic balance of the elevators was 

accomplished by extending the 

lead 1 ng edge a.a far forward of 

the hinge line as possible, 

without touohing the trailing 

edg& of the stabilizer. The 

angles assumed by the elevator 

were shown by a pointer attached 

to t he elevator and a dial 

SKETCH I 

HORIZON T .4 L.. 

5 7A Bu .. 1 z !:~ 

i n degrees which was glued immediately behind the pointer on the 

rudder's surface . . These ane les were then observed through a 

window in the tunnel's side. 

IO 



The ~asurement of the elevator hinge moment coef

ficient was accomplished by the use of the apparatus shown 

in sketch 2. Holes were bored in the elevator at a known 

w, 

distance aft of the 

hinge line (x) and a 

fine piano wire (gauge W.•M. 

# 29} was secured to the 

elevator as shown. The 

upper wire was run vertically 

out of the tunnel and over a 

pulley "P" (whose friction 

was considered negligible) 

and attached to a weight pan. 

The lower wire was run 

through the floor of the tunnel and attached to a weight pan W2. 

By balancing the pans so that the elevator angle is zero prior to 

a run and then reading the elevator angle assumed during the runs 

with various 4 W differences between weights in pans i 1 and w2, the 

hinge rooment coeffiQient was determined from the formula 

C • H. M. = 1000 t. W ( in Kg. ) cos d"' x {-.x.J 
H qSt q x area elevator aft of hinge x mean chord aft of hinge 

where <:r u au + s + e ( Se.E SKF.i7'CH 3) 

paying proper heed to signs. 

II 



.STA8IL/Ze/? 

WINDp HQRt'ZONTAJ,. 

The measurement of the yawing moment coefficient was 

accomplished by mounting the model in the wind tunnel in the 

normal manner for measuring yawing moment via the pitching 

ment balance. (See photograph). Wires of proper length were 

provided for adjusting the model to two angles of attack, 

viz. a low angle of attack (O.U. -2° ) for simulating high spee 

conditions and a higher angle of attack (Ou• 8°) for simulating 

low speed conditions. The model's rudder could be fixed at 

various values of rudder angle "r" f'rom 0 to 25° on either side 

in increments of five degrees each. For this portion of the 

teat, the elevator was looked at zero position and the tabs were 

set at .zero angle. 

17., 
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Methods of Me~suring Power 

l) The power paramater "tan 6" was employed in connect io.n with 

that portion of the experiment dealing with the effect of power 

on ~tatio longitudinal ·stability (elevator free). A brief 

de script ion of this parameter is herewith presented. For more 

detailed presentation see Part 2 of reference 1. 

Given an airplane in u.naooelarated flight moving 

along a flig ht path parallel to the thrust line. 

f-lOR11Qt,rA4 

SKETCH Lf 

T - D 
L 

• _ ~ = W sin a 
~ w cos e 

Write T - Thrust 

D = Drag 

e * Angle or Climb 

w .. Weight 

L • Lift 

Observe T -. D + w sin e 

Net thrust .. T - D -= W sin a 

L • W cos 8 

• tan 9 

Thus, it is seen that the tangent e, where 9 is the angle of climb 

or glide, is a measure of the amount of thrust developed by the 

propeller. CR and CL are obtained directly from wind tunnel data 

and the values of tan 8 are readily obtained. "Power on" results 

are given in t e rms · of CM vs. c
1 

for various values of tan e. 



2) The power parameter, herein designated as "Rn, was employed 

in connection with that portion of the tests· dealing with the 

effect of power on hinge moments (elevator free) and the effect 

of power cm stat io directional stability. Thia power parameter 

was emJloyed in preference to tan e in this port ion of the 

tests, due t0 the fact that no accurate means was at hand to 

determine "Cn" with the type of rigging employed. A brief 

derivation of the power parameter tt]'tt is herewith presented. 

From Froude Theory 

T m Apra(l + f) 

where A = area of disc 

T = thrUst 

Meaning of Vanda is shown in 

sketch. 

By definition (Weick p. 87) 

T • T0pv2tr 
Observe, from skat.oh, ;~ :!1;:;ream) = VI 1 ? a) ~ 1 + a 

l 

Write V~s::J_ipstream) = R t'% l + a; i.e. q = R - 1 
V(at oo} 

Then Tc:,pv2Da = Apv2 (R - 1)(1 + R; l 

;r (- R + l 
Te =- 4 - 1) 2 

-2 8 
R = 17 Tc + 1 

R = lJ¾Tc + 1 

1T -2 
• - (R - 1) 8 



) 

) 

The ~. T0 vs. J cuI"V'e for ~ = 29° at 3/4 radius is 

presented in Fig. 3. The propeller revolutions were counted by 

m.eans of a system consisting of e pendulwn aotuated multiple 

relay circuit which counted the revolutions made over a ten

second period. Calibration was acoompli-shed by reference to a 

ecystal-controlled 50 cycle eurrent, at the beginning of eaeh 

run. 

Twill, of course, vary slightly with angle of 

inclinati.on ot thrUst line to direction of undisturbed airflow . 

.Experimental results sho~ that the error introduced due to this 

inclination is negligible, as seen in th& experimental curve in 

adjoining sketch 6. 

S.Kl:TCH 6 
/. I 

/. 0 

Range of Power 

The range of power used was sufficient to oover the 

flying range for an airplane of a type similar to that of the 

100del. The method of determining this range was identieal to 

that outlined in reference 1. 

In order to show the relation between Rand tangent Q, 

a power available, power required curve is shown plotted in Fig,. 3.1, 

with various values of Rand t angent e spot~ed in at proper points. 
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ststio Longitudinal Stability (Elev;tor Free} 

The curves showing ·the effect of power on static 

longi tudine.l stability ( elevator free), are shown in Fig. 4. 

A separate tamily of curves is drawn for each tab an.gle. Each 

family of curves shows the effects of power ranging from tan 9 l!S -0.05 

to tan Q _ +0.15. 

The effect of power on stat.1e longitudinal s"8b111ty ' 

for tab angles of +20 and +30 degrees vras investigated but showed 

0 
such small variation from the effects noted for +10 t .ab angle, 

that curves for the former angles are not included in this report. 

The singular, wavy charact.er of the "power on"· ourves 

is explained as follows: Let CMt be plotted against CL tor various 

fixed elevator angles. Now _, for a single tab angle, with elevator 

free, as CL varies, the elevator angle assumes various values, giving 

SKE'TCH 7 

a result .1ng ~ vs. CL eurve, as 

shewn in sketch 7. This CMt 

combined with t~ mment ooef-

alone (at various eorresponding 

powers), will produoe an overall 

CM vs. CL curve of a similar 

wavy nature. The variation in 

elevator angle responsible for this effec't is due to 1) interference 

effects, 2} variation in a, and 3) downwash. 

16 
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Let us now turn our attention to Fi g. 5, which shows 

static longitudinal stability without tail (i.e. c1~ +F vs.~) 

for various powers. (Note: Cwiw- + F = CM due to presence of_ 

wing and fuselage alone). Now , in order to find the effects 

of slipstream and tab on tail moments, the values of the moment 

coeff icient for wing and fuselage alone (for va r ious powers) 

were subtracted from the values obtained for the comp lete air

plane mode l (for corresponding powers). 

Values thus obtained were plotted and stra i -_~ht lines 

were faired through the points thus obtained below a lift coef-

ficient of 1. O. These faired curves of C~.rt vs. CL are shown 

in Fig. 6. 

From a study of t he curv·es in Fi g. 6, it is seen that 

the effect of power on s tatic longitudinal stability (elevator 

free) consists of two parts: 1) a change in the slope of the 

tail moment coefficient curve, dCMt/dCL, and 2) a change in the 

intercept f or any give n cha nge of tab angle from the n~utral 

position. 

For power off 

ao 

ad] 
CMt f st [ 1 - 7rAR 

CL 
ao 

=-~n-s i -ao ao 
+- l + rARt 1T.A.Ri 

17 
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Let 
dC t 

Mt 
- = Slope, power on. for tab angle in question. dCL 

dCMt . 
- • Slope, power off• for tab angle in question. 
dCL 

Adopting notations following those used in reference 4, write 
t 

Than 

dCMt 
cfcL 

/AT C1- = 0 
_ Change in tail moment coeffie.ient due t o tab angle, power on 
- Change in tail moment coefficient{or same tab angle, power off 

AT C1... ~o 

- n ~.:t. [ Kl-~ - - •< t t s ao 
. 1 + 1rARt 

In explanation. 6 CMt =·the diff'erenc.e between the tail 

moment coefficient for a given tab setting at "power off" and the 

tail moment ooefficient for tab angle .zero, "power off", both taken 

' {lCMt = the difference between the tail moment coefficient 

for a given tab setting, "power on'', (various values), and the tail 

moment coefficient for tab angle zero, power off, both taken at 



In Fig. 6, values of Kand R for various amounts 

of power and for different tab angles are plotted vs . Ll CMt . 

It is obvious that Kand R will also vary with 

the location of the horizontal stabilizer. This variation was 

not investigated in this report but was covered in reference 4. 

· For purposes of comparing the values of K and R for 

elevator free and elevator fixed , Fig. 6. 1 is included in 

this report, this figure bei~ an exact copy of the one com

puted and plotted by Bolster in reference 4. 

In order to make use of these data and obtain the 

pitching moment coefficient of the complete airplane model 

r or "power on'', proceed as follows: 

,/ 

1) Let(-) correspond to power off values. 

(-)' correspond to power on values. 

2) Obtain CM vs. CL curves for model from wind tunnel tests. 

(It is assumed that model has no power plant nor pro

peller installed). 

3) Obtain CM(no tail} vs. CL curves from wind tunnel results • 

. 4) Obtain °Mt by taking difference between 3) and 2) and 

plot resulting CMt vs. CL curves . 

5) Obtain Kand Ras described above and compute and plot 

6) 

7) 

UIJV D P AGES ~ O" :u 
Refer to Fig. 6.2, replotted from Bolster {reference 4)/\ 

which gives method of determining CM(no tail) with 

' power on = CM 
(no tail) 

' Obtain final result CM' • C ' + CMt. 
M(no tail) 

I 'I 



/'~ 'O N ·~/.=/ 

.8 
,. 

4-l--t-l-,-i-;....-.~,..µ. ..W.t_t:t:i:i:ttttt :1".:i:L±tt..:.....J~ l: 
T 

:r-
1 · 

tt.!-..!.ittt.i~.-J .... H .... 't.-~· ~+++-+f---HH-+t..1:1~::..t::.t::r.:w . .U~:.t:ttJLtt:t:t:~ssaJtl:EES11:±EE::t:t:tttt: ___ ~ .. ~ .... .:!JJ=JJ=F.f! ... :.tJtttt:1. 
j _t-',4+-.:;_i-tH-1--Li-l- •· ....... I-H,-l-l-~-++-t7j_ ,4 .. ++-1-+ • L 

➔ +++-H~~~'.ttt~1 ~j1~+-r-;H-\+I-H~H ,_ 

!'L 
>--1-1--+-+++-+µl ~H, j_li➔~+_~:....:~+l-!°"'~~l-+~-f➔-~+•++i-++l-~ ~~-H~f-14++~+......,++,r .... ~++~4-+ ' 1 ' 

-++++H"'f-Y-'+++H-1.J..L-:_;t+:,lj_fj..i.tt°t~!j_~i.i.++-1.!"-,_f~t°'.;.t,:+._+._tJ-"_t.ti_;:,j'-l+-1-H-1 ._.._,4_.:.._+ +.._+-+-<t-,J-·H-t-++++-H-!'++++-++'H-f-H--H-1-H-++++--I-HH·---'-1--4-~ 

, ..._,_,...._ ....... ~,_.,,...,. ·t-H-1-H--t++-Hl-h ~-.:--µ_t:t•j_:J:_tt,t,+:i.lj_'i..-t+, t...; .. . ,:f .. ~· 2: i~:• ! f.i4:f 
r-~--,-,- n ..,..,...-n-..,..,..~-:--r 

.~~ • &y~~ •-
~=ntt~~ ti~~ ~~ ,; <~· ;;;;:sy_<=m: '=i=+t -

4

: *!;· .~ --
·!at . . ' t~- t,.;:r d· . -h I $1t .... L 1tt -i-+-1- .. -1--1 

J-H~- 1+·1-+---hH1-+-~f-mlI~➔1i ;~ - ,TT] :ffp· H·+·f+f-+1c+- •H--++1J..-t-.-H-t-t-~ .;... ~-rt~ t!t ~~ ~~} j_l 
, . •r •·'!-f --+ +- ,..._. .... ...., ........ .,.,.,H H-1-1-+++•1-t-+-++++-!-+++1-w-1-+ -t·++-ii-++++t-1-1-1 1-1-1 +H+ -,•f+r +~-i-t ~iiit -h 

:tti+ 
! : H -,-H-~4-1-H-++++-Hl-+++4-J H-· :+ + + l-r - • • • ~- - · • 1±t±t.iiili 
t::ttt+fi:: i-f-J~-;J,,-+~:tL t-1 ~. _ !J.. _J • .... , -j • ....L .J.. -; 1 ..L .! .. I ..l ;, l ~ u ,~-~ ~-:-~ 1±±-i·rt-J:i+ -PJ± :i:J:tttf 

-1-f++-+ 
1~ 

---~ .J · • I , • • • • - r f-
~+;'i//! 
-i~ J.+~-... , 

-~tffl_ ii 
ltttr 

i:~ .... , t - 1 !'", 

~L++HH+-H-H 
U +J..~1 

,j 1Ht-1-, -, 

~~ ..... ttfmtmffll~~~~~-1-44 

i -~ ,~ . 
l±~l t± 

~. 

j-, 

;-

ff: 
:t ~-:-r 

L, I 
:c 

•~J .... . .. W:l 111 ! l 1Jtl:4ii:t±t-J±±±l±li:1J ... 
IT-

1 • . ~· !!~ 
h· 

;111!:-,. , 1 

,;+.ITT~ MJJ ±l:!:l:!tt:i:i1+ 
I-W--1-+-1--1--1---1---!-+--I-W--l-i--+-W+-W -i-i-l-l-l.+I-J.. l-t .µ +4+µ:t fffl.j:~:J:: 

f.;Jfi:!:JJnT.1~~1ru11-frHl . i-lfl ~H'f-tft-t+tH-H~ LtHtH H+H+H+H+H+H+fHd-1+ 
Jfl ~fflt!f:.ttt .. ffi h91-FfT1ItM~!+f-fP+H-R=~=FIT-IlV:i%►.:P.+R :W-t-!+l-~+l+J.:1-1J -l+!++H-H , .... , .... ➔::t:H· 

f--i- r· 

filillt.1ffltijj
• --_ ~-•'- . - - - . w~ - ~ p -•• - • - • l-Hf.JfEHJ:ft'li.tt:i:tN:tttlittt 
- • · · . ~ • ". - , • • 1 • : • • • _ • i ·m~ .'.++HNH~l±lli±±itl±l:1±±!:ittJ 

. • • l ·• •, ' ' + ' • 1 i' 1 ,•t- I •• L 

RiWattiffiffi~wtBtW~tfffllfflrn-
+-t-H· t 17 ·, 

-•--L_;..m-r-r.r. r:i 
.t~l+\h : 

i\. 

t.±lJ~fFH.'9l,_1-1. 
.;~Nfl-l 

l..llL!.J....l...;....i,. :q:tt /:..' l ~ -l- ~1-1-+-µ.._1-1~ 1 j. 14+-H-l-_ttj:'. i=r..;++l-~-- ~ ~ +± tif± . .I ·i 
H+ ~ .-1-+ • f.+ '-1· -IJ-~-ll'+ l -W-l-+-l-1+1-• "'-.l.••.:...i-t-+-1-1+~ -!-~ ~ +, , 1 

·l 

P++E 

Ffftt~ft,1 ·•1;:-
+.~- illiilQ·W~ ff lfil-ffmI ! 

·!-tf 1fh •' _ .. -- :il,.a;, M ,, ~ _J ~~(..ti: .. r. ... H . ·, t_ j " ri = . ~ti!~!!:: 
11 ·r, r. Lj.: -ti • ; T · ..._.._..._,-J....,_... , ....._....... - · IJ +++ . -t - +--!- I" • j- -f+ -J.. f - - ~.f -1= ~ ,1 f TT , 

nr + , ..l ......................... ~ ..... t-r+ i - -l • ......,........ ........ ~- L-t j-~ ..... ....................... .............................. .. -:-i- • -1-.w....i • .L.W...W..l...l..W-J...U : 1- ~fEt ~+t:1utt1tHtfffilffl--
• • r - • ,+ , H-l; +-1- - ~; 1- - 1- w+_,. + · ·--1-◄..,..-,.. -;--r+ • ~J:. -, -1 [[. t=Lf · · • • - -i- t -

-r ~ ➔- · - t . 4 +H· ;+ · 1-t+ - · I+..... . -+ .:-I- - H· i,.!- • ~t... 1.- ,.....,._ ... ...._......._,_...,_,1- , ~- -
, .,.,.,. ...: -::" -M-· :r..:t:d:,_: ,+n . t.t 4-: 
t-+-4++1-+H- h-·l4--l-hl-Yl->-Wl ➔ -t, . I ·1-1- . . '- ' '"' " .... " .. ... , 

m1~rnmfflili .. 1t)fillili1t±tltt±i±tti±lfl_ 

1±!:l±f±t!:i±t! rT 

i nltff·-
1tHlli±l±[±±±t±I m11m:r;i ti.tttt.ttttl: .. - R lH _j: _ . . . , .4,f.tLJ±t±ttttl±H±til±tl.tt.tL. - i;1, 

:.r+r:1 ..... 
"+-

·--#EB ~i 
·fy_»I:~ 

I - 'r' 

I 

l=rn R+r.:r+++ , • l..W.J...U....W .. U .J-1.+i-.j...l.j--1--J.t :t ffim+i1m..-L-~i-+-!+l-l+i-+4 

;+ 
·-:1 __ 11-r* r !T~-

tTI.ElHFf.HllEmmffiffi11Ii:±HHHB:r+1TTTRll=ri+rn:r+rm1+R+i+R+l-ml-A+T+ll 1-n++f.tR++Fl+F.R+R+Rlm+mr.1· -:'it~~i ~ ~ -~ -W......ffi+i-l-1.1:r:-ifrirmn1+l+f-1-1+1+m#1+1+r+r:r-P-~mm1rn+11=mm.rt ; . •• • r•I 

I,. r 

Dt . • ' ' ~ .... :::-..:L 

t---rt:::rttti+t+ ±•~ 
1

• H-++t--t-t-+-'!--++t-H-t-1--rt-t-T1-rt-1■- . ~f_: __ ~ -~-- - +4~ .. 

~+r++tt:::::++'.tt~t::r-1::t~t!:t:/:t:.+~:~~-~ ~- ' -~ .. ,~H+,++H+-1-~+i-r..t.+t-H-:;;-•.;+.,...:::~.~-:~::-;r+; ...... -t-1'"':"--tt ...... ft ~ ~ ~ - . ·- "1: • . ' • 
1 

~ - ~ i? 
l tF ' +-H--,H-H➔-t-+·t-t , • . .. : .. ' -t+ - ..Jw 

t ++-H~t +:::.,tt++++-t + Hi'-H-· H+l-++l -1+-H++++-t I 

l+W...~tl:JJ +:=+1~::t=~~t:j:t:_t- t-+,:;:jjj:ti':°'•.ti':Ltt-:t .. ·Al+!' +-1-1'-++•I-+¾-·~ ·f--H·H-lo--'-l-1--H-H-+-l>-l-!-! 
- l-h--t-~f++ ,~~-++ 1-++-++++-r➔i:t..-ii~- t➔-J::11-~;➔,+t--tl 

Hftitl±H_ffftfflmJfflffl1ttHmmtt11ffp_t1ffiJ1iffll+ttttJttt~1ttmnm11a ttm 
-

TT-~ffiffifflll--· . ffli100. i•+Ti:~+ -rm r _ • 1 - , • _ -~ -~1- 1l iJ. = + - - • - _ · : jl:.lf 1 :Le 
j... , !· , -, -H=- . f:- p: , , . " , . .. .. L 1 , I : t H-

t+l++;.....,.,...--!-++H-+-~H+ii-,....;.+-f+-i-f-+T"th--+-•t"i-f-.H-< i1iF_..++-........... H--I-J\o..l •~:f:-➔;:t-:;:,.~~i~~~i_;:.::~::•:f-::-t-!+4:...+++- "7-+Lt;.t:ti:.t.+tt~t:1:,fl+-i::t:i1:. '+Hl+-l:-:-... ::~•.t:~~=:-:;.:j-:i::a:j:+•-rt!•:t•~"'~;.+!--~-::::::--t-!-t-t-+-!-H-t~-t--1-"1-r!J 



z ·, ' ON ' 91.:::I 

-4~ q .µ~ 1,:: • 1111 :1 :~r ... 'ilili±bilil±ll LLL!±LLlli:LLLi.Lr:tt .:L;.UlW:itiUJi · • 1 

·H--t+H+H-+H-+++i-+·H-++++N+ ! t ! ! j tJ t t u u_;_u • I ! IJtt.t H+t-++++++-+--+'-~+H 

I--H--++++++-H-+++-HiJfilttttti:t+++-1+ 

-•:p_;:p:..t] ~j I.,. 

~~t;@ f L •m r ·c ; ... ..,.~J .. ,-

£1:wJ};· :r~+ -1-++-1..;tm t:~u m-i+ ! J...j....~ 



The wing and fuselage moment coefficients were 

determined together, both for power off and power on. 

In Fig. 5.2, CMo for a Clark Y section is plotted. 

°Mo= -.065 

But a.t CL = o, c~ +- ~~ = -.075 

There~ore ~ CMo =- -.010 

~ - ! ~ .30 - .25 = .050 since center of 

gravity wa.s assumed to be at .30t from leading edge. 

As shown in Fig. 5.2, (j F = +.047 

CM.v+F = °Mo - .010 t a - ¾ + .047) c{ 

Considering "power on" effects, write: 

C ' 0 + C /\ C ' + Ath CL Mw+F = Mth Mt.f +F + U Mo 

• TxVert. He",...ht of T above C.G. Where C = Moment Coefficient due to thrust = -------:':§..i-...--------..... --~h q~ 

and 
D 

T = cos a 

' 6 C ~ = .change , in CMo due to power 

/).th may be considered as a change in the location of the aerodynamic 

center due to power. 



Values of Chth were calculated at CL= O and CL= 1.0 9 

and the increments not due to thrust, /1 ~ and .1th were 

obtained as follows: 

a) LJ C is the increment of wing-fuselage moment 

coefficient at CL= O due to power, except for that due to 

thrust. 

' Thus /j C14o = ' • 

CMo - CMth(at CL= - CM, 
O) .. ~V+F( at CL= 0) 

b) llt h is the change in slope of the wing-fuselage mcment 

coefficient curve due to power, exc ept for that due to thrust . 

Thus .Ll h 
- = t 

Fig. 6.2 gi ves the results obtained as a function of tan 9. A 

' method of predicting Cy~V+F for other airplanes is also Piven. 

, A calculated curve of wing and fuselage moment coef-

ficient, power on, versus angle of attack was also prepared. 
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The Zffect of Power on Hinge doments 
(at various tab angles} 

Reference to the CH vs. e eurves, shown in Figs . 8-17 

inclusive, shows that, in general, the hinge moment coefficient 

is increased by the presence of the slipstream. 

The angles of attack investigated were~~ -2-1/2°; o0
; 

+8°; and +16°. The tab angles investigated were et= -10°; o0 ; 

10°; 20° and 30° . Powers investigated are defined in terms of 

the ''TI" parameter of power , whose meaning has been expl a ined in 

an earlier portion of t his paper, under the subdivision "Methods 

of Measuring Power". ( F o R Ac Ro o Y N ,.V'), c. e .~ L A N c .s o ;:-
EL e v A r o1i: s e € P 1 6- . No. 7. I ) 

1 ch' c 

I? ! ~J 

' Define CH a CH with power (see Fig . 7) 

e 

C = C without" H H " tt 

H{ et - k, e = O, Power = O ) 

- CH ( et = 0 , e = 0, Power = 0) 

(See adjoining sketch). 

in question. (See adjacent sketch) . 

1) Plot (en '- Clio) vs. {CH -CH
0

} for R = constant. {Fig . 19). 

2) It appears that we get straight lines so that 
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3) Plot 
(CH' - Clio) 

(Oil - CHc,) 
• t(R) vs. R (Fig. 198.) 

4) It appears that tqf) . 
1
~;! . Thereto:re t(li) :. l..03 R , 

or within our expe-rtme.ntal limits of accuracy. f'( i) =- if. 

This result is interesting because we should think that the variation 

would be prQport ional to the dynamic pressure _ OP v2 "-""' • r, . 
instead of R .• 

6) Hence our results are app~ximately ~r-essed by 

cH' - Clio • R(OH - °%) 

o) Values of Clio tU'e plotted in Fig. 18 as function of 6. CH to:.r 

various v·a1uea of a.8 =- geometrical angle of at tack of 

horizontal stabilizer. 

In order to make use of these -data, CH vs. e curves 

are obtained • from wind tunnel laboratory data for model in question 

at va:rious values of et _and °u• with power zero. (No power plant 

is assumed to be installed on the model). Desiring to determine 

the effect of power on the hinge moment aoetticient, we p~ooeed as 

follows: 

1) 

2_) 

3) 

Det'emine ~ CH as defined above. 

Enter Fig. 18 with A CH and a.8 in question and obtain CHo. 

Locate this on OH vs. e curve for prop,r Ou and et• 

t -Compute (CH - Clio) a R(CJn - Clio) tor v~ioue values of 

"e" and plot result as shown in Fig. · 70 



Effect of Power on St~tie Directional Stability 

The effect of power on static directional stability 

was investigated for two geometrical angles of attack, that is 

Ou= -2°; and +8°. The low angle of attack simulated high speed 

conditions and the high angle, low-speea conditions. The rudder 

angles ranged from zero to twenty-five degrees, plus and minus, 

being varied in inc ran.ants of, five dqgrees. The angles of yaw 
t • .. i: 

investigated ranged through twenty-seven degrees on either side 

of zero. The power param(;'ter employed in t;his phase of the 

investigation was "R" whose significance has been described. 

Fig. 20 shows variation ot C.., against {JI for various 

o I . combinations of rudder angle and power for °um -2; q • 30 gm. sq.em. 

Similarly, Fig. 21 is plotted for °'1 = +a0 ; q = 7 [(JJJ../sq.em. 

An examination of these curves shows that a change in 

rudder angle does not afteot stability but merely varies the Cy 

intercept at 1/f = o0 • The effect of power also changes the Cy 

intercept at 1/f = o0 , and, in addition, it appears to cause~ 

increase in directional stability. This increase is only sliR t 

apparent in Fig. 20, but in Fig. 21, the effect is most noticeable. 

In order to explain this increase in static directional 

stability, with "power on"• we resort to a qualitative, graphical 

analysis. Referring to sketch 9, the vertical tail surfaces are 
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shown as viewed trom above, for the three conditions of negative, 

zero, and positive yawing angle. I.et vector "a" in each case 

represent the free air flow. Vector ~b" in each case repre-

sents the slipstream velocity increment parallel to the thrust 

line. Vector "c", in each case, represents the athwartship 

component of slipstream velocity due to the upper portion of 

the slipstream's helix. (The lower portion of the helix is not 

considered as no vertical tail surface is present in this region.) 

The resultant vector "d", shown dotted, represents qualitatively 

the magnitude and direction Qf the resulting air flow relative 

to the tail surface. In order to clarify the discussion, 

vectors "a" and "d" are also ahown immediately adjacent to the 

tail sur faces. .fe define the angle ¾.s., as the geometrical 

angle of at tac k of the vertical surfaces relative to the wind 

vector , ,.a" and "d", in each of the three cases. 

A typical Cy vs. r curve, "no power", is shown plotted 

in sketch 10. 

Now we consider ·the effect of the increased velocity 

on directional. stab111 ty, due to the presence of the sl1pstr·eam, 

disregarding, for the moment, the change in the angle a_ --y. s •• 

From this point of view, the curve represented by the dotted 

line i s obtained, f or the effect of t.he increased velocity 143 

t o multiply -the value of the power-off yawing moment by an 

:Z.6 



approximately constant factor. 

Now we shall consider the effect of the change in the 

geometrical angle of attack. Ll C¼.s.• of the vertical surfaces. 

~fe recall that the dotted curve in sketch 10 corresponds to the 

effect of increased velocity alone.) In the case of negative 

yaw. °'v-.s. is changed by the amount L) °v.s. through the action 

of the slipstream, as shown in sketch 9.1. This produces a 

nega tive change in yawing manent and moves point (1) down to some 

suc h position as point (2) in sketch 10. Similarly, at zero 

yaw , the angle of attack :aas been change~ by a L1 Ov. a., but , as 

is clear from sketch 9.2, the a.mount of this change is less 

than before so that point (3) is moved down to point (4), a 

smaller distance than before. At positive yaw, the angle of 

attack has changed only very slightly as a result of which 

point (5) 1s moved only a short distance to point (6). The 

final "power-on'' curve is shown by the long dashed line. 

It is seen that the devia tion of this "power-on' 

curve from the "P-ower-off" - curve is quite similar to that of 

t he corresponding experimental curves in Fi . 21. Thus the 

incre~se of static directional stability, due to the presence of 

power, is qualitatively explained. * 

*In the near future, tests are to be conducted at the GALCrr wind 
tunnel, with the power model less its tail surfaces , to determine 
the effect of power on static directional stability due to 
vertical tail surfaces alone. When these results become available, 
it is believed that the analysis of this effect of power can be 
explained on a quantitative basis. 



To show the effect of power on static longitudinal 

stability, we define 

B = 

' dC 
where :::.Z i== slope of Cy vs. 1/r curve, power on. 

d J/r 'I' 

dCy 1/r d ?f = slope of Cy vs. \f' curve, power off. 

•i g . 22 sho ~s a plot of B vs. the power parameter 

"R" for t he t wo a ngles of attack investigated. 
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