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SUHMARY

This work presents expressions for
determining the downewash over the teil
and the $u1l efficlency power-on and off,
A method for the determination of empirieal
congtants used by Millikan is presented,
The method gives excellent agreement for
the multinplicative factor A- and good
agreenent for 5= . The theory checks
experiment very well as A, and B5p

are nearly independent of 7. .



FOREWORD

Tiils work was suggested by Dr, C. B, Hillikan

durla; the writing of his paper for the Third ¥Wreight

wors and have used the same notation except wvhere 1
have'relt that the work was hindered by 1t,

it 1e felt that when working from the experiw
wental dats, one should work with the quantities
sapable of ueasurenent and not with the ratlos
swrgested by Dr, illikan,

It is to be noted in the theals that I have
left the final equations in the final camocuflaged
foyia because of the ease of wrifing. \Tha notation
introduced has been chosen %o clarify rather than
aindeyr, |

ihis thesls has been written to be read by one
wito 1s familisr with Dr, M1llikan's paper. It ia

%o e cunsidered as an appentix to that work,

-e-



Cheracteriastics of the lodel Used

Tl a -l
& Cle T

St

| 63

‘9
PR Y

A = ~tsvect Ratio = 744
S = Area = 6o03.8 Fe* '

c= !/ﬁ{ie = ?, S ft.

THIL
A;= hspect Ratio = 3.58
Se = Avea = /22,7 ££*
2= Lencth From

To Zlev. inpe = 27. 84r%¢.

C,p= ¥Wing Chord Benind rrop =/0.66 fe.
2= lp, of Inglnes Unerating =2
> .

A = pPropeller Dianeter = /2.5 f<.

Q= Fyaction of Tail Burfaces in 5Slivstream =0.533
Aspect Ratlo in Siivsiream =///S

MHving A=lo0o0



The Determinstion of Two Psarameters
Dasling With Fowar-on 3tability

Por = Model .ith Right iiznd Propellers

In the puper by Cs B, Milliksn, "?he Influance of
Rumning Propellery on ‘irplsne Chsracteristics,” importunt
effects were exprasged in terms of empirical formulas whosa
Justification rests on very meuger experimental evidenoce.
These sre easentlially the down-wssh over the tail znd the
horizontal tail efficiency, nower-on.

In considering these two frneotors it i3 convenient to
first find expressions permitting theilr determination from
power-on wind tunnel tegts., To do this we must first find
these two fasctors for the power-off cuga.

| POVER-OFF ANALYSIS

In Ref, 1, {11likan gove the expregsion for the pitching
moment of the tall agsuming that the slove of the 1ift curve
for infinite =zspect ratio { ny; ) was the same for the tail
a3 for the wing. As the Davis wing seotions hove abnormally
largs vuzlues of 1, , 2n anslysis wng made to discover if there
wag any change in the results for sn sirplane having Davis
profiles for the wing and conventional sectionas for the tsil.

Now if we consider £9./2 Rer. /¥, C, = $p aei/A-Erig~0)

and express éﬁrﬂﬂél

whera €o= Crwfia

glving  ,o_ . Cu

TA

¥ Notation used here is the same as in Ref. 1



putting o = <

a
vhere "a% refers to the slope of the lift curve $3il onj
we have

Kow from Ef L ref. 1

C = f‘_ z.ﬁ‘ cl—- > — - .
Le ‘/4_ _7—_;4[6‘_ —??Qt]-/—é.é—c)
or
- ftdt (Q“—W + L —C
<. 2 TA] ¢ ) .
/—'%a‘ééj;_t%m )
; s A
iattmg S5¢e Ze = 7% we have
7
- e[l RG] 4
1= 7¢ 26 2 aus
s A
How and lettin =
géc,,g_%tg 5 G, & 7=}
< s

we have



-, £ S
Ie Cpy = 3k‘5 =

“ecf o) G lent |

- Se
1= 7t 5 s

- - a
Y inere a/ﬂ Va - it

/+ %ok
TAk

The subsorint “k* refers to the surface in question

le. Zow = Ro or THE WiNE
Qop T Qo #» v TAI :

Ay =Aspect ratio of the surfroe in question

%s 8luope of the 1ift curve infinite assvect ratio
In the analysis we shgll drop the'subser1pt 4x® when
referring to the wing,

7o determine the down-wash and tail efficlency
from this equation we mist find two equaticns with
the twe unknowns and. 7+ » From wind tunnel teats
W& way. neasure directly the slope of the vpitching
mouent curve and the stabilizer effectiveness, Ve
eiall therefore compute these factors:

The slope of the pitching moment curve

and
The stabillizer effectliveness

2 deC,,
g



Ferforming the indioated operations on 4€? 7

2 4.
a—C_-JéM—

)
- = 7 C age L -2

-~ £

/=7¢ S am
> TA

Introducing the notation

2 LG, =2

d ,
o< ’ 5’(.’4}'

Tguations &8  becone

= 4‘6 2 / - ?—:’L
= ‘A= 74
Y T 2 .

we have

F a

96

-
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Divide Jaby 94 and pat

|

o
TA

/o
A

ur solving for .~ we have

m = FA[Z{ *,55]‘

To solve for 7,_4

L
a

X
7

1"

substitute the value of +»»m /m» EZ’ gé

~2, € St
Z = %c S d—i‘_/_' )3 ) 12
I~ FavZ-pE)
now ?,,_. is
s
2= enifFpe) B Fanif s

or rewriting in a more convenient form

A4 - Sta,' A4 /Eé+‘s’) 14
¢ g t‘[“ ¥ ,

_d



A sumnmary of equations .

m=TA[4-(3]

5o §esld-PE]

The fastor [=I- aa'Zi takes into account the shift
of zero 11ft due to the tall that has been neglected in
nany analyses.

“he faotév $§i may be obtalned by computation or
by the weasurement of a oross plot of C, vsX  ocurves
for aifferent <£% . As an example see fig, 1,

The computation of - and P is most easily done
by following certain well established ateps.‘ One finds
that munh'time i3 spent in collecting the data and |
only s snort while in fﬁéuoing it to the appropriate form.

How when meking these caleulations one therefore
should colleet tha’data'fxrst and draw the curvee seocond,
( This 1s the general idea given in the soheme
below in Table II. These data were taken fram Table I,
which 18 a compilation of many of the pertinent |
model dimensions and is presented an_page £.

After the scheme 1s included a ealdﬁlation for

the alrplane in Ref, 1.



94

10,
11,

-l

TABLE 11

the wing area S

the wing aspect ratio A

the wing HAG c
the tall area Se
the tall aspect ratio At
the tail length A

4 % 3 d'c"_-::a._
Slope of the 11ft curve T

C,vs €& tall on for various stabilizer angles

de. lp=a, Ct= b, (¢ =@, ip=d, ete,
Cuvs €& tall off
C}_ vs o  for the corresponding stabillizer angles
From 8,9 +/0 plot JeGyvs . for the correaponding <y

de S vs L't, Lor C’_,_:oJ 0.8 ,/0 anD & USLy /See {’;'j,s l)zw.s)

& JeCu Ed< G R
Substitute in expressions for - awed

From / , determine



DATA
la S= éo 3.8 'F‘tz
2., A= 7.44 %:a.?oa
Se c= 9.65 F*. p
‘ = = 0,886
ETS St ::/2'2"7_(‘_&)_
5. A= 3.58
Ce L=2z784fc s
” ' Ael = 207 - 3.79
* a-=4.93 1+ 22
. 7358
Y= —o.2/8
D=—-1608

9‘-’ - 7
et o.4 //3>= 0.853
CALOULATION

ol

ﬁ(§+8)= 853 (2.668) = 2,280

4 . 203 (3.77) [2%8°
o 200 B[220 2] 1252

Pt = 799

oy 7 74%] 203 — 853 218
L60S

-7 7-44(087)

= z.03§

m = 2.04
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In practice the car batreon tho elarnior and
tiie stabillizer 1z not senaled o0ff so thisz reduges Hhe
glope of the 11£% eurve of the tail (@) . Since
Uiile reduetlon 4z not taien lnio ecunzideraiion
thooretically 4T is talen into account i tue

experimental values of 7¢ and 7L .
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POVWER-OH ANALYXSIS

The method for determining the downewash and
taill efficiency power-on 1s essentially the same as
for’the'power»off case with more complicated
exnressions,

“he notation used ia that of Ref, 1 unless
athervise stated,

from wind tunnel tosts we may obtaln, ae in
the power-off case, the slope of the pltohing
wowent curve and the stabilizer effectiveness at a
constant power, (To= Censt)

First, we must derive the expression for J;ﬁQW

for Uie general case as waa done for £ 7
Congider now £Q .28 of refaranaévl.
P _ =Ff . . - ol
CLL = 5w (o o) <
and writing

&p = ;—;’Qu *fp Xpr g 16



w1l

P
and substituting the expressions for Q—t and noting that

Qp=d/, we have
2p
Cp = 5 ae /0‘ G- %3 ~ 7 ~Gorie=tp) 5 17
now from £ ¢ 21/ and 22 - of ref, 1. wa have
F
NI -8 Ve /8
Now substituting for An £,/7 aand solving
for CL; ve have

7z _ F ) / : ’
(Zt, Q_ d,u[zi_-ﬁ—ﬁ —-_‘_T_”"_;‘](,-ﬁ_gC‘,,_ + L —Lpt M “?oj 19

ap
. P_=r o e r
Yow slinoce 715 = 5% ,‘;_t and J; Cay EZ;_t ét (’Lt
we have
Ble 7Fj§t”“*"
7 1 _%5 C, +¢(, - ”m
= = (-F)CL e F'* P 20
/= 7L St e 2 2y, ap 2 Al §

For the stabilizer effectivenecss 2 I/ G, we have

ey

2/



dcp
Jey

A
The quantity g%éf can be measurad from wind

bunnel tests in the same mnanner as 2?3 .
. ct

d9e
23
Fe 1s given in Ref, 1, £¢ 32 . Tuls gives us
IdZe :

P
2 R, S '
S () sazy

The guantity jdfékz E? Ze2  As indernendent of

7Qf or £ and equals

—%42/272+Kﬂhaw_Kin
5 ,

where 2/ = number of engines
A = propeller dia
S = wing area

For convenlence we introduce the notation
2 _
wr = ﬂ_:;_l [:./cwr,/,m”—/g)]
Then

GG ur dip

‘Qdf o

-] P

pIRr

23

24
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Frouvn £934,Rer [ s luve

jl?*Fb[[-N‘LP) -

d9p :
Subslisuting equesions 24 and 26 v £@.2) ywe have

s _ ”fs_t
_Q_J;CM—- 7-&(.‘5 ) /_QLLP(__gN__.F') .27
Diyg P o e, Ll Ep ) ?

/= 7¢ 3 2

s

Ty A Yy o [ ey B T N PR . Ci oy g - Vs, omy
Por the slome of T 241 44 nly coront ourve ve have

oy A LS L . T3 @
Lnirocueian the notation

25 Cu=y ; 2 FGa=p Ser_g
¢ ppn Pt
o

Ve v, alviding 4 by ¥ 5

o /_/5 //+"/71n“"—7‘o)

Y £ =29

A -
ap ZF_?—‘H;(’ fi)




~14=

Solving for [, we have

m
b 3 BeR] [ B
D 8o
¥z,
Yhere from <&£¢.32,6 Fer/we get
=4 3/

We  ghall leave ﬁ_ in the enua%ions to show where
1t goes with sach algebralc manipulation,
¥e nuat check this equetion %o sce 1T 1% disapnears
when To goes to 0o , For Tc=o we get upon

inspection of the various quantaties coatalning Te

w = 0
feo
aF=CL
= 9¢
£ ol

Upon substliution we have

2] 2]

.‘}é& +9¢

32

D¢
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If we inspeoct Juq *;’:& we £ind that 1t is Tinite
80 we will turan our attention to ﬁhe numerator,
Prom &e v we find that (a. m) 1//
g0 upon substitution in £9 32  we have
F/50-5)] - [~ 347 2
Therefore our downwash 5 is gzero when Jlec=o

30 the expression is correct in the limit.

¥ow to solve for the tail efficlenoy we substitute

the value for f',, in  £927  and get first

J=Sf4, 4/ /= //—~-F X
7 «/ S L % 34

and puttling in "Cp we have

/ A 8w
A = §_t Dy, m - é—z ¥ {ap P TA
7% s ") wa : 35
* 2
‘ yap +f3

Using the same method ae employed above we insert

Te=o and get

() =

Te= [} 7‘&
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upon a moedel furnished by the North dAmerican Aviatlon
L. fnd run as GALCIT Fe-w 277, From this scries of
Pa8bs the tall mitching sonrnis osovereon and off wore

K

JE k] Lt o mage o w g E [ - .
Sunas Lae L, These ore awer un F.Lp,-‘; o M=l LIl
?.?

valued of the paranaetors lven in the equetinng are

gilven In Telldle I11belor,

TABLE IIT

Tehulatinn of Wind Turnel Test Hesultd
¢, I
TC CLF y ﬂ 9?: - ="
FAIRED TEsT
o 4%e 2(8 [le0S 1470 147

o744 53 207 /805 . l4%6 182

{40 5565  T./97 T/94s 1493 146
214 §.760 /88 " 2.30 1498 152

308 SS90 47!/ T2.3/6  .Soo 149

The values for ;QZ‘: were taken from 2o curve falred

shiroush the experinmental nolints.

In firs, 17-=10 are pmivern the velves in Toble Il
plotsed against Te , The powerwon valucs fulr into
thie pover-off values smoothly shmx:’in;‘-f thes at low Tcg
the effect of rotation 18 not sreat. In commuting £
i 77[ the squations were nut into a different forn

80 ag to umake the commtaiion simnler,

A -
~Li8y are

The experimental dats were obtalined in December 1939



Pron the above expressions the downwwash faotor
709 was computed and has been plotted in Flg. 20.

#1lllkan used a formla for {, (Fe 33, Rerl )

£, =B, QR (R~

1+Q(R~D
‘Where P=fraction of tail in slipstrean = ©.533
for the above case.
R= I+%Tc

dalling this funetion F we have

H=Bpp
The fsotor BF was assumed by C, B, Mlllikén to
be 0.7 and is plotted in fig. 21, A good value
from theso tests is '

38

39



Bp=037, $ests should be made on other
trpes of airplanes to determine if this factor 1is
correat, The variation of with @ and Te
has been plotted in fig. 22. For Q=1 the function
is a stralght line and 1s lpg__?__rc

7[_ has been computed and plotted in fig. 23.
The reason why 7[ inorcases a8 /4 increases is
that the tall efficlency is defined not as a direot
function of the tail pitchling moment slope but as an
interference faotor times the ratio of f¢ to 7 or
= 5%:’7*/? . lHow if we consider 3/=57 sz we

may write 7[%‘ Q-,;_{g{ or sinoe 7% 5¢ A;—’f' |
ve have 71’;%:% ' and writing ;f/? = /+7_f_i@7'c

and including a ocorrestive factor we have
‘ ' g
7f= Ap (1* 5@7c) 2z

This same equation is given in  £<. 27 Ref, 1.

10w



D20

With this expression the value of 'A;> was calculated
and plotted on Flg. 23.
Frou the discussion above 1t may be saild that

the tall interference factor S+ 1is changed by the
influence of power. This ohange 18 shown by a varia- |
tion in  Ap from /o2 7o 075 , Thls ia within the
acocuracy of the approximations so the assumptlon that

Ap=/ as the fir:at guess appears satisfaetory
for this ocase,

This entire pover-on analysis was made pogslble

by the fact that the runs were made at a constant
value of 7e ., This seotting of constant power
eliminated the measurement of elopes of the 7cvs C#
sna Tevs CL relations for the points in cuestion
and other complicated terms, The analysle could
be extended to include power-on wind tunnel tests
that vere made by setting 72:7}(6}_) , out
becomnas very complicated. It is felt that in run-
ning routine power-on wind tunnel tests, /e = ComnsT:
rung snould be ineluded to offset the added come

rlication of the 72(2;) analysis.



CONCLUTTOH

From the expressions given for the down-wash over
the taeil and the tail officiency power-off, it is
suggested that awnilable experirmental data be redueed
to give an analysis similar to that of L. E. Root,

A reecormendation should be made at this point to
persons using this type of analysis to obtain theoreti-
cal walues power-on. The stability as defined by 2%—_ 3 Cm
is noted to be approximately proportional, at 7, = Co~sT
to the tail area and directly proportional to the tail
length, Although a change in the tail length affeots
the down-wash on the tail, it is felt that this chango in
dovm~wash is not important. So to change the stability
by a given amount it is usually more succes-ful to ochange the
tail aroa rather than the tail length, Examine £ 28.

The only variables that are within the control of
the designer in regard to stability are the tail length,
the tail area, the rosition of the nacelles and the
propeller rotation.

The effect of propeller rotation would seenm to
indicate different values of Ap anda Bp for eath

Oa56 ¢



Experiment has usually shown that with the propellers
rotating against the wing tip vortices the best
8%a0ility is produced.,

It 18 to be reoommendod that thls sort of
analysis be made using a similar nmodel with runnln%

left and right hand propellers,
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