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SYMBOLS 

2 
Flow area *• ft 

Activity factor 

Lift curve slope ~ dCi/d a 

Number of blades 

Zero lift drag coefficient 

Lift coefficient at a ■   0 

Lift coefficient 

Moment coefficient 

Duct or propeller diameter ^ ft 

Force ^   Pounds 

Ratio of equivalent internal flat plate drag area 
to flow area 

Horsepower 

Clearance between blade tip and duct 

(1 + f) 

Function of V2AT 

Lift ^ Pounds 

Moment ^- foot pounds 

Mass rate of flow ~  slugs/second 

Pov:er ^ 
ft.-lbs. 

sec. 

Pressure ~- lbs./ft. 
2 

Dynamic pressure --w lbs./ft. 
2 . 

\ 
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:i Duct or propeller radius ^ ft 

r Propeller station radius ^ ft 

S!{P Shaft horsepower input 

: Thrust ^ lbs 

v Velocity ^ ft/sec 

»G Oross weight ,— lbs 

w Disk loading ^ lbs/ft2 

a Duct aerodynanic an~lo of attac!:   (JJ - 9) 

^ An^le between the horizontal and duct centerline 

TU Propeller e:ficiency 

Q An^le between the horizontal and tne free stream flow 

p Kass density 

\i viatic of induced velocity to blade rotational velocity n« — 

/ Infloiv an;7le 

| Flov; coefficient 

Ü Angular velocity    rad./sec. 

V 
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Subscripts 

Free stream 

1 Duct inlet 

Propeller inlet 

3 Propeller exit 

!. Duct exit 

: Jake, far behind h 

I) Duct or drr.f^ 

H Hover 

INT Internal 

!. Net 

P Propeller 

d Resultant 

S.L. Sea Level 

S Shroud 
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I.    SUMMARY 

Tuis report is intended to provide analytical means of pm- 
dlctlng the performance spectrum for ducted propeller aircraft 
that maintain an equilibrium of forces by adjusting the angle 
between the vertical and the exit stream tube.   Equations are 
derived relating the tilt angle, free stream velocity, propel- 
ler character!sties, and available power, to the net force pro- 
duced by the platform and to the direction of this force.   Par- 
ticular emphasis has been placed on the relation between the 
duct exit velocity and propeller tip speed for fixed pitch pro- 
pellers, because this variation determines the relation .between 
the power available and the power required. 

It is impossible to determine the accuracy of the individual 
relations without further test data, because they must be com- 
bined to determine the overall performance, and the overall per- 
formance - not individual performance contributions - was all 
that was obtained by test.    The net force calculated for the 
condition indicating the greatest difference between theory and 
test (V ■ hS knots, tilt angle s 31 , and 100^ power) produced 
a net thrust of 5l5 pounds directed 8.05° aft of the vertical. 

The test data of rteference 3 for the same conditions of tilt 
anpjle and velocity indicate a net thrust of 621^ pounds directed 
aft 12°.    The difference between the theoretical net thrust and 
test net thrust is 17.^.    This is rather poor correlation, but 
the error cannot be completely attributed to the theory, because 
the net thrust is dependent upon the square root of the available 
power cubed.    The test was conducted at full power, and it is not 
apparent exactly how the power available varied with RPM or what 
effect tilting the engines had on power output.    The expressions 
for the moment are empirical and involve non dimensional parame- 
ters which were determined from the truck test data of Reference 
3|  therefore the moment equation cannot be checked against the 
experimental data to determine their accuracy. 
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This analysis is complete for coaxial fixed pitch propellers, but not 
necessarily limited to exclude other types of propeller configurations. 
The procedure for calculating the performance will be outlined« Curves 
are presented which allow rapid estimation of tilt angles and power re- 
quired for all disk loadings and power loadings. All information is 
based on the assumption that the flow does not separate from the duct 
lip. The flow will actually separate from the forward lip at a high 
duct angle of attack (a) (Pigure l) and large free stream velocity, but 
the lip shapes and disk loadings currently in use have shown no tendency 
toward separation. 

The advantage of good internal aerodynamic design is obvious from Firure 
2 and the definition of the quantity [ 1 + (A^/Ao)'^] . It can also be 
seen that high values of disk loading will require lower tilt angles 
for a given forward speed. Pigure 2  indicates a,minimum cruise power 
for platforms designed to cruise where VoCp/wpg)? - .8 to 1.0. If a 
platform is to be designed in this region, particular attention should 
be given to the moment, both from a standpoint of magnitude and the 
possibilities of the rate of change of the moment with velocity becom- 
ing negative. 

A. Procedure for Performance Calculations 

The conditions of altitude and temperature under which the plat- 
form must hover are used as a starting point. The required flow 
area and velocity are determined, and the propeller blade design 
is straight forward once the actual diameter and internal drag has 
been determined. The power required under these conditions is 
readily determined, since the flow velocity, areas, and tip speed 
are known. Figure 2 may be used to determine the relation between 
tilt anple and velocity. The external drag is very small compared 
to the liftj therefore the assumption that T/L sin ß is zero 
(Equation 1.15) will be valid and will allow the determination of 
VQ/VC,  consequently ^, and an estimation of the pitching moment 
may be made. An indication of the hover ceiling and power required 
can be obtained from the curves by assuming that the propeller ef- 
ficiency does not change. 

If the performance obtained thus far is desirable, the relation be- 
tween V^/Vx and VQA^J given by Equation (ii.Ol) or (ii.02) should 
be determined. This information can then be used in Equation 
(2,0?) of Section 2. Equation (2.0?) should be plotted against 
VoAcj'J this holds for all conditions and with Equation (l.Oli) relates 
the actual shaft power input to V£ and VQ. The power required along 
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the flight equilibrium line can now be calculated as VQA^ and 
thus TU are known. 

Sufficient information is available for the calculation of per- 
formance for conditions other than flight equilibrium. 

The ciVect of tip clearance on power loading for the shrouded 
propeller of Reference h is given in Figure 5.   If the velocity 
over the lip increases or the lip is made sharper, the tendency 
toward flow separation is Increased and the Up clearance must 
be held to closer tolerances. 

The product of the number of blades and the pctivity factor is 
used in most propeller weicht equations; of interest here is the 
iesipn value of b(Af) wnich may be calculated using the velocity 
and tip speed under the same conditions used to design the pro- 
peller.   Tne method outlined in Section P is straight forward. 
The assumption of constant taper is put into the equation, but 
an ideal taper blade will actually have a b(AF) slightly lower 
than the calculated value; therefore the ajsumptioi. is conserva- 
tive. 

ANALYSIS 

A.    Aerodynamics of Ducted Propellers v.lth Particular Application 
to Platforms 

The general equntions relating power and thrust will be calcu- 
lated using the conservntion   'f energy and the monentun equation. 

Station     (o) 

CONFIDENTIAL 
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The equation for the net thrust is obtained inoediately by the 
use of the momentum equation between stations (0) and ('>) 

TN    ■   mV^ - mVo ♦ P5A5 - P^AQ - PQCAC; - Ao) 

A pressure equilibrium exists tetveen the .^et stream and the sur- 
roundinr air at station 5; tharefore pt; • PQ. 

TN  -  riv5 (i - v0A5) (1.01) 

The chanro in kinetic enerr;* is e^ual to the pov:er put into the 
air stream. 

P    =    KE(5) -KE(o)  ♦ AKE(o) . (5) 

Tne energy lost by the air in passing from station (0) to (5) is 
equal to the integral of the product of the drag and velocity from 
station (0) to station (5). 

If the conservative assumption is made that the internal drag is 
acting at station (2) where the velocity is the greatest, the 
evaluation of AKE(O) - (5) is simplified. 

and 

AKE(0) . (5) - DV2 

D " CD A.-<EF. ^2 

By definition 
cp ARKF. 

(1.Ü2) 

D    =    fq2A2    =    I' fV2 

AKF -   mV52 ^A^2  f AKE(o) - (s) = — v^; f 

m 
v^ 'V [f] f -J 
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-V 

5 
but © .    -a j 

by definition 

£" [' ■ ß) i] (1.03) 

The term defined as "K" has a lar.^e influence on the total power 
required; the definition of f, Equation (1.02), shows that the 
equivalent flat plate draR area (CpA^.) must be kept small, 
"he«    he platform is hovsrinft, the velocity diminishes rapidly 
as the distance is traversed from station (l) to station (0). 
Therefore, if there is an appreciable ar.ount of drag area a 
larce distance above the duct lip, this draft area should not be 
included in calculating the value of "K".   Instead it should be 
included in the external drag, since the velocity in this region 
is more nearly that of the free stream. 

The power put into the shaft is greater than tne power inout to 
the air by the parasite power and induced drag power. 

m   horsepower input to air 
T horsepower input to shaft 

SHE - (HPp ♦ HPj) 
SHP ^ 

vr 
1      HPQ -^ HPj 

SHP 

dHP    - 
nVc^ 

1100^ 

K" 'I (i.oiO 

The power inout tc the air is equal to the product of the nro- 
peller thrust and the velocity of the air throurh the propeller 
disk. 

V2 

but 

TPG^Ö   '   SHPT
1F 

v2 - 4 ^ 

CONFIDENTIAL ■I 
60-030 



I ~ 

I 

I 

«»»•ovco 

A« More» 
« • 

11/33/56 HILLER HELICOPTERS 
fi»H 

Aero^ynanlcs of Ducted Propellers 
As Applied to the Platform Principle 

»._.• 

••PMi     I0j>l-A 

•t»0«T MO . ^108 

CONFIDENTIAL 

^0 d.o«;) 

This ^ross propeller thrust is actually the thrust that the nro- 
peller is producing; however part of thit tnrust is required to 
draw the air through the shroud, and the rot propeller thrust is 
all that is nctually lifting the nlatfom. 

TPo   "   D   ■   Tpj, 

When Vp ■ 0 

TN  • 

ÜHP   - 

5HP   • 

SUP   ' 

mV^      from (1.01) 

mV$2 K 
1100 tip 

TN 

(TN)3/2 

(p/pS.L. A^ 

T   1.C65(10)-2   ^r 

TK    -    U.22 (p/p^L.A,,) 
1/3   /^SHPilp   Y/3 

when VQ /   0 

The equations for thrust involve both velocity and direction; 
therefore it will be necessary to express the equations in 
terms of tneir components in the directions of lift and thrust 
so that the equations for equilibrium flight can be shown ex- 
plicitly. Defining the angles, as shown in Firrure 1, and as- 
signing that Vc; is parallel to the centerline of the duct, the 
equations for"lift and thrust becomes 

CONFIDE NTIilL 

(1.06) 
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(i.oO 

(i.o?) 
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ZIF.,   •   L 

L   •   n (V^ sin ß - V0 sin 0) 

V0 sin Ö   -   Vg sln^   - - 

in2©   .(^sln^.^) 

EF*   ■   T 

m (V5 cosß   - VQ cos Q) 

cos   0   ■ ß COS   ü  -    -17- 
T  N2 

2 2 
but     sin   0 ♦ cos   Ö   ■   1.0 

(.®*'!><%)'--''<^-&-m P^ v0 

♦ iL=22Jt 1 

v^ +Ör)2 E * ill} T^ (sin ß + E 
co^'+ (v^o)2 

V-Vo-fl^^I^   ^-^'^ 2 _2L 
pAl4 

_L 
pA 

2 

' •! 

(1.12) 
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vs2-px(8in^r0"P -'-^r-) 

♦   . [Ai-'-i'-'-'-^i&jb-m 
£quÄtion (1.13) is ver^ cumbersome. If 0 ■ 0 wnich is the 
actual case for equilibriun flight, the solution is preatly 
sinplifiüd. 

9   -   0° 

V0 sin 0   -   V5 sinp   - ^ 

v5 3in ^  *  pKfc 

e-4 ^pA,   ^ sin^ ^ 

Vn cos 6   ■   V^ cosß   -   - 

nos Ö    »    1.0 

V- coi P   "   PA.V h't 

0                ,             T 
=    cosß ^ 

Vs PAIV^ 

but 

pA^ sinp 

cos   ß Fin  p 
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Vat     JHP   • llOOr\. 

i V/ 

L   '  vt) J £:iutfcton (1#'V"' 

/2 

I* 
^HP ■^Ct^T^-^^^1'1^ 
3;a> 

L^ K 

11001)   (pA,.)' sin^p 

_  ^ _ (cosji  -^X.ln^  (U16) 

Equation (ü.lö) ^ives tiie  .orsepov/.-r required to produce a riven 
lift nnd • .rust v.-hen 0-0° and ß is the anple defined.   For L ■ WQ 

Equation (1.07) becones: 

SHP 
T3/: .-: 

1100T)p (pA.)' 

and Equation (1.16) beconps: 

oHP 
LHP 

npL 

!i 

T)pi>HP 

1 

.in3/2ß 

;Ti^7 

^(cos ^J/Lsin^)^ {UV[) 

T      (cos 'p  - T/L sin ^)' 
1 " K (1.1.') 

Figure 2 is a graphical representation of Equation (l.lf). 
Another equation is required to deternine what free stream 
velocity is associated with the different tilt angles (90 - p). 

The equations obtained fron surruninf the forces in the directions 
of L and T with the assunption of 9=0 "ill provide the neces- 
sary relation.    This is equation 1.19 "hich is also shown on 
Fi-'ure 2. 
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L   ■   nV$ sin p 

VPA,   'x 
\ sin ß 

and 

T   -   n (Vf coa p - V J 
j 

's00^- pipr; • vo 

rc 
cos 0 - 

pA 

but 

0 T 
—   -   cos ß  -   «f sin p 

WDH ' r 

(4 sin: ji 

T 
(cos 1^  - r sir"« ^) 

 1—    (cos ^  - L sin »•'• ^ 
sinr p 

, N (i.i'O 

From Firure 1 tin   exit velocity is directed Js de^rnt; •; lYon the 
horizontal, and the assunption was made that tlie _ latt'orn -''as 
tilted to an ar^le (90° - ß).    If it is assumed thnt tiie plat- 
form tilt angle remains zero (ß = 90°)  and only the exit stream 
is turned through the an^lc (90° - ß), the force diagram rer^ins 
the same.    Therefore, the tilt an^le (90° - p), shown in Figure 2, 
can be interpreted as the an^le tlirough uhich the exit sbrea;- is 
tiirned.    The moment produced by a platform propelled by turning 
the exit stream,  rather than tiltinr the platform,will be effected 
to a large extent.    This can be seen if the equations for thf thrust 
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produced by the duct are found«   This can be scconplished by 
Ukinn the equations obtained for L and T and subtractlr.r the 
cooponents of ihe propeller not tnrust 

% 

nV«; *2 ['■«)] 
n (VV sin p - VQ oln d) 

: 

\ 

r. (V't; cos |J - Vg cos Ö) 

r V5 (sin p . -^ sin 0) - -^ dr. ^ 1 -^J 

2 
A2_     A2    /V0\       10 sirt fi 

"2A.      2A.   \rcJ ~r, tin ,> 
TDL "   n v^ sin p (1.20) 

[fy ■   m V5 (coe u . _ cos 9 ) - Y j-   ooa ^1 -^ j 

TD, rn V^ cos •;• ^ 1 - 
V. 

ll +   
A2 

2Aa   ^ 
VoN2 

^ 

v0    ccs 9 
(1.21) 

Examination of Equations (1.20)  ?.nd (1.21) indicrte an ircrease 
in the total duct force when 0 ^ 0° and VQA^ I

S
 increased.    The 

point of application of the resultant duct lift rnoves forward 
as Vo/Vr; increases and  the duct lift becomes larger; therefore the 
noraent will increase rapidly with VQA^ vihen the tilt angle 
(90° - ß) is snail. 

The drs-tt to lift ratio is difficult to determine, because the 
direction of the streamlines over the external surface« are not 
easily determined.    If Equation (l.l^)  is plotted (VQ/V^ \

T
O |i)  for 

T/L = 0, 9 = 0 and the truck test data for"the platform model 1031 
is corrected so as to keep the lift equal to a constant (Figure 3) 
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reasonably good arreement beWeen test and theory is found«   This 
indicates that the dran component In the direction of flight Is 
very snail and can Ve neglected«   The nethod used to correct the 
test data and an example calculation is shown In Appendix A. 

POWfcH SKj'.iJa) 

The tern t)« has appeared froquentlj vith no nention of how it Is to 
be obtained.   To Jo this, it will ; e necessar;.' to detemine v/here the 
total power put into the propeller shart is consumed. 

The total power required is the si:n Tf the induced nower, the blade 
profile power, the s/iroud profile nov-vr, and the induced drag power. 

The induced drap: pwer (PL) is the power necessary to overcon» the 
torque caused by the component of lift in the plane of rotation. 

The shroud profile power (POg) is the power necessary to overcome the 
resistance to flow caused by the shroud and internal objects in the 
flow field.   Because the propeller thrust must overcome the shroud 
profile power, the product of propeller thrust and velocity through 
the propeller is equal to the sum of the shroud profile power and the 
induceu -»uver. 

but 

Pl+POcj 

Tp    = 

Pi   . P 

To V' ^fe 

r.Vc; 

mV.;     ki 

2-, 

2^ 

K-     r^ 
5/  J 

(2.01) 

A,    Induced Dfc r Pwc 

dQ    ■   -r V '' c r C^ sin tf dr 

but      VR    = sin 

P Vc CL 
sm 

and ;in ^    =    tan f& 

rcir 

ür 
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CL   ür rdr dQ   •   § V2 c 

dP^   •   S V^fi^ CL c r   dr          for one blade 

dPL   -   ^ V2ßJ   CL c r2 dr        for b bUde* 

The induced drag power Is snail compared to the induced D<*;er 
and shroud profile power; therefore the assunption of constant 
CL and c will be adequate« 

•••PL   ■   £-Tii   ^   V2VTÄ 

«     _PbcHnif2
V20 PL              5        CL VT     V^   R (2.02) 

Expressin': the propeller thrust in terns of the propeller blade 
section characteristics, and naking use of the assumption of 
uniform chord and lift coel'ficient, tlie induced drag power can 
be related to the propeller thrust. 

/'ft              p 
Tp   «       £ Urr (^ b c dr 

Tp   -   Pb C
6

R CL vT
2 

v2 
PL   -    TPv;R r.oj) 

B,   Propeller Profile Power 

P0    - b C jjPCD" VT
3 K»              (Reference l) 

v2 v/here             K'    ■»   ?r-   by definition (Figure P) yip 

Po .  p.o^v:2 3VTK,^ 
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p0 ♦ p 

(2.0Ü) 

(2.05) 

1 

but    T|>0   •   2jJ[2^ TK - r^Sj 1     fro« equatlcn (1.05) 

Tp.- '-^['■Gf)] 
C*   Summation of Pover Hequired 

V   '   Pi   *   p0ij   ♦   Po   ♦   PD 

m V5' 

v;hen   VQ 

T    = 

=    G 

HP, 

T3/2 K 

1 + 
2ypAJ4   1 

T3/2K 

J. 

~3A£V.P ^ pAüt ^ CD0    A^ 
1 A]- ^ T ;  CL      VT_ 

1100   YpA^ 

r 
""3 A2 „    / pAliY K' CDn      R 

CL V ij 
~J 

'   (2.06) 
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where  K * ['•(»''] 
D. Propeller Efficiency 

t)  . horsepower input to air  • i , ^0 * ^ 
P   horsepower input to shaft     "  SHP 

SHP 

tip 

m 75^ 
1100 T)p [-GCf] fron equation (1.0Ü) 

-^B VT       ' 30 I] 

^p ^ 

but    A", a 

fj VT  y,   CD0     4     *ll     «I 

Therefore, the approximation of R/Vx ■ RATU "ill ^e 'ood, partic- 
ularly in view of the fact that V^ was found to vary very little 
when the five foot Hiiler platform was truck tested.    This data 
was not published. 

Tip 
2ll yt f£2i2       R 
hv<h    CL Ai     VT,, 

(^.07) 

BLADE DESIGN 

This analysis is concerned only with counter-rotating coaxial 
blades.    The method of analysis j^iven in Reference 2 has been 
shown to five ^ood results, provided the substitution of 
G^ = (a a +    CLQ)  is made rather tlian C^ = a a.    The above 
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substitution was neeessar/ to reneralUe the equations for u£« 
with other than svwnetrical airfoil sections.   This effects 
only Equation (10) and (11) of Kuference 2. 

If no substitution is used for CL but b Is used «3 defined in 
this report and Equations (10) and (11) of Reference ? are solve 1 
for the chord, the rosultlnr equations can be used 10 detcrrlne 
the variation of chord with rndlus. 

•I 
2 H Kif MA üsinjj. 

sinHarl" for tne lowar propeller. 

2 R Kn (r/rt) usin ^ 

The cptir.ur. rropellcr design is cne which has a iraxinun lift to 
dra* rrtio at all blade stations (Cj, ■ constant). 

If the required p-jrfornance is known, V2 can bo calculated from 
Section Ij a tip ypeed and number of blades can be chosen, thus 
»:ivinp all the information neeessar.' to compute the variation of 
the chord with radius.   Blade anfles are then coirqputed in accora- 
ance with Reference (2).   dhen design requirements dictate a 
constant taper, proceed as above and approximate the optimum chord 
versus r/R curve with a strai^nt line and use the constant taper 
varintion of chord with radius to determine the llrJc ar.-Ie set- 
in"S as per Reference {2), 

VAKIATIÜK OF TIP bPl^D V/ITH DUCT EXIT VELOCITY 

FOR FIXED PirCH PrtOPELLi^RS 

Tiie variation of propellor efficiency v;ith fon;ard velocity is 
dependent upon the variation of the   met exit velocity and oro- 
peller tip speed (Equation ?.07). 
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dF   ■   CL | Va
2 dA 

dF cos /   •   dT 

dT   -   | CL (5r2  ♦ V22) bedr cos ^ 

dT   -   * CT iSl—Lizl. kr bcdr 

^       (572 > v22)5 

dA ■ b 0 d r 

Vtt
2 -ßr' ♦ V-; 

COS   0 
£r 

(5- * Vp')i 

5.1 

dT   =   I CL kr (ir2 ♦ V2*"')' bcdr 

dT   =   -^ ör 
pr-2/dCL 

-• 
■   :, 

1 + U? 
CT. « CT ^L B '-Lc * — 

hedr 

dT p ^-2 r /. =   I 2r     a (p - tan d ) + CLo 1 + 
'
V

2
N2
 ' 

'ßr^ -J 
bcdr 

rue.  for small anTles 

-1   ^ V2 tan Sr        a r 
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ond 

V^3 dr. ;^[^ -, J+c^.f (!|). f (ji) 

CJf ©)21' cdr 

The lest three tenns in the brae'ret are srv»ll corT>arf»d to the first 
throe. 

it a i? kr   (JJ - T: * -r- ) ^cdr - 
, r 

r   -   ^ 

dr -   Rd (*j) 

•r:1 a   .„ 2 I  PV?   H (jj- 
VTCJ) 

2     ^0 ) be (|)2 d (5) 

Tins elenent cf force sununed over r/'H nust equal the propellrr thrust. 
It Must tc rer.er.bered thnt blockn^e and the necessar," fairin~ of tl:^ 
Made near the root will alter the flow in that area.    In practice, 
t»'.^n,  it will be necessary to account for this during sumnntion. 
Perhaps the simplest method would be to assume ideal blade conditions 
down to some minimum radius, producing uniform inflow beyond and zoro 
velocity inside this rndius. 

•i.O >1.0 

Tn   = 

mm W mm 
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•1.0 1.0 
2 T. 

abpV^ R 
ßMf)   ^(5). 

^) 

V2 
r7 ^^f) 

min 
y(5) 

nln 

i 

1.0 
'Lo rx     . /Ti '-f e(?   d(5) 

nir. 

.. 

•"$   d* 

'(5) 
-in 

1.0 

'2 c (X) d (£) 

J(-) 
nin 

1.0 
Sij o (1)   d (I) 

^//r 
(f) 

min 

Tp 

abp Vm    R 

o 
abp V'p^ R 

V2 

V^ C2 - (G1 + C3) ih.Ol) 
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fron Section It 
r'-^Jf[1-ft):,'-ßt]    ^-n,:.o5) 

Kow de fine i 

=-Jf [■•©■'■©] 
Tp    '    ^AsV;;2^ 

By continuity 

Vo   •   V ? 
Equation ü.01 nov: reads 

(g^   ^^2.(C1+C3)   -   0 

vT 

ab R 
■!A: c 

ab R C; 
2A2 Ci 

C2 rrA(Ci > C3 ) Ajt    /A2V 1? 

C^ O, + 1 Equation l.CJ 

•/hero 
A(C 1 * V AJ> ^^ 

ab a c2' 

PITCHIÜG I^.OMFIJT 

The variation of the pitching moment with free stream velocity is 7ery 
important from the standpoint of its effect on stability  -»nd maxiniun 
fon-.'ard speed.    The maximum noment can become very lar'V-«    particularly 
with low thrust per unit ares. 
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The three dmunJiounl churacur cf i.v flow about a plau'orm ani 
non-synretrlc flow .'t lar^e ar.-Ics rC attack rakeg it :Lr.posnHc 
to calculate tne pitcnin^ nonent ty H sinplified tvro dlncnsional 
approach. 

The only infomation available on pi'Ciinr :.örient Is data ruined 
fror, a duct of larre len-th to dla:icU;r rrtio and the   ^ia Stained 
by Hill«»r,   The nodel used wes a fiv.* foot duct (Ueference )},   7 is 
report has rwasurerenta rf ronent, lift, thrust, and a zrMl anount. 
of pressure survey data.   Usir.f the pressure survey dp-.a ',o deter- r.- 
the nonent contrihitcd by the  iuc^  the. follm.-in" r^sul     were oVtamod, 

At 1    tilt anTle i.-iihout dc-iv •»:/]        7 0t fon/ar i r'-eerj 

Calculated r.or.ent 
Measured nonent 

.   . ft.-Its. 
170 ft.-lbs. 

At 31° tilt anfle vr^thout duwy ^nd 3P ioiots 

Calculated nonent 
Measured nononi 

)bU ft.-Us. 
312 fl.-lbs. 

The calculatoa r.onents are in very  :oGd afreenent vilh the measured 
values, porticularly in viev; of the fict th^t the preüsiuv survey in- 
cluded only four stations:  front lip. re-ir lin   .'^0 and 9D(' l^p peti- 
tions. 

The conclusion irnxm fror, this d.iUi in th-tt. the  oC.ii .•.or,, r-.t   .3 pi\;- 
duced by ;.ho nnc.i,    T-iis does rcr  solve   the prcblen of   :.3t.<mranc: 
the norent to be expected from ^r.y nroitrnry ducted iro-rllor, Vv 
it decs shed sore iir.h:. on the prorlen. 

The force ITCJUCIP^ ihr r,or-,ent. :s the mterr^l of t;:e pressure rts 
the velocity ir.cr(-*-ros fron the free otrean value t-o the .iu:! exit 
value.    If the flo" (ices not soparatv   fror, the riurt pnrCt^e    n t.n.ai 
tur'ninr nn'le is   Jefimr! by the du:-'!   lip shape. 

The tilt pn^le and tne r^tio of fr^e slrean to exit '•elr-^ity -i;- an 
indication of the   ■.i,rnin;: nnr^le. 

Ti:    -      Ac; Vq (Vr; •• V0) 

T- 'S 
V 0 

Krön L illation 1,0i 
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This non-dimensional parmeter if) h&9 been taken as a representation 
of the flow field.   The nonent nust increase diroctly with the diame- 
ter and with the square of the velocfty over the lip, but at the sane 
value of VQ/VCJ tnis is proportional to the square of the free stream, 
velocity«   For this reason the nonent coefficient has Veen taken as: 

^  '  ^TK ($.02) 

The five foot platfom truck test data has been plotted In coefficient 
form (Figure ü;# 

It nas previously been nsntioned that the only nonent data available 
is fron one configuration, but it is believed that the use of Figure ii 
will at least give the order of nagnitude and trend of the nonent to 
be expected from an abitrary selected ducted propeller. 

PUIFOÄK H0V2R CEILINO 

Equation 1.08 indicates that the power required varies with the recipro- 
cal of the density ratio. The power available is also a function of the 
density ratio; therefore to eliminate trial on error the equations have 
been combined. 

The variation of pow-jr available with density ratio is riven in Reference 
h as: 

^ALT = SHPJL ^'^P^SL " 'l}2) U.01) 

By conbininp; Equation 1.09 and Equntion 6,01 the variation of thrust 
with altitude beconcs: 

TAL-T    =    lk.22 (P^JL A|4) 

1/3   r^HP^L   np. 

1/3  r ö:IPALT ^p.r^n 

■SL iho22 (A 
V3 n o   [- 

:\LT       'F- 

?/3 

1Ä 
:V3 

X 

■ALT 
Tc SL 

^A2/i -■   ^ 

"PSL  J 

'"ALT 

Equation 1.09 

(6.02) 

2/3 
(1.132 P/P T  - .132) ■   (6.03) -'L 
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TALT rfALT')    .    (j_\ 
(1.132 P/PSL - «132) 

2/3 
(6.OI1) 

for convenience Equation 6.0ii is plotted in Figure 5«   To deterrdne 
the thruat at a given altitude, the thrust for a corresponding power 
setting is calculated at sea level«   The product of the ratio of 
propeller efficiencies and the function cf density ratios read fron 
the curve gives the correction factor to be applied to the aea level 
thruat to obtain the thrust at altitude.   To deterrdne the naximun 
hover altitude the  -rods weight is divided by the maximum sea level 
thrustj the propeller efficiency ratio is assumed equal to 1.0 and 
an altitude is read from the curve.   The actual propeller efficiency 
ratio is then calculated and the altitude is again determined.   The 
propeller efficiency does not change rapidly with altitude and the 
second altitude is normally very accurate. 

PROPELLEH TIP CLEARANCE 

The effect of tip clearance on trust and power does not lend itself 
to calculntionj therefore test data must be used to determine the 
ma^rnitude of the lonscs.    The lest tteta of Aeftrence !> has been re- 
plot, ted so .^s to reflect the variation of shroud thrust to horse- 
power v;ith tin clearance to diameter rr.tio (Figure 6). 

ACTIVITY FACTOR FOR DUCTED PitOPELLiRS 

The thrust required to hover and *i)e lift that must be naintamed at 
forward speeds are dependent upon the gross veinht.    The loads acting 
on the duct have been riven in equation form, and the weirrht can be 
estimated.    Equations for the propeller thrust have also been friven,, 
but most propeller weifht equations involve terms containing b and AF; 
therefore the ducted propeller has been analyzed to facilitate cal- 
culation of the quantity b x AF. 
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Assune Constant Slope 

AF 105/ 
IT 

-1.0 
.3 /c (n) dx 

10 
T5D 

■1.0 

^ c dx 

"O '.3 

c1.0 " c.3 c   ■   n(x-.3)+C^     wncro     m ■ slope ■ —f^ ^r 

rn - UJ (C1#0 - C#3) 

Dl6 AFdO)-0   = f       x3   ["mx - .3m + C#j]   dx 
-1.0 

'.3 

. A1.0    , 
16D(AF)(10)^ -    m f 

■1.0 
(C>3 - .3m) x3 dx 

.3 ~.'} 

-1.0 
^   5 

.3 
+ (C#3 - .3m) 

h  I 
1.0 

.3 

-t:, 

'    --   ' f (1 - .30  ^ (C#3 - .3m)   (1 - .f) 
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16(10)',: D(AF)    •    .l^Sm ♦ .21," C#3 - .OluSn 

.Vln * .?I|P C#3     but m • 1.!I3(C1#A - C^) 

•l7f59Cl.O " •1?r"9C,3 * .^Ö0C#3 

.17fi9C1#0 * .G691C#j 

Ar £$ (10)5 {^o . c ^ 

k^^   (Z.SJCLO ♦ C.3) 

tf(l ♦ f)   ^sin ^r 

ACL     b       c 

T^T     2      7 

but   -T— ■ — 
Ao      a» 

c0+  Aa -   a' 

2r  n(l ^ f) , . v2 
—o[%    ^sin^    and ^ " ir? 

^ (i + f) ^ sin ^ = ^ (1 + f) ^ V;,H 
K.5 

2TfV2 (1 + f)  D 
2CL b VT  sir- ^r    anü    sin ^ 

2TTV2    (1 + f) D 

2 V2 

VT 4 )    ^ 

2CL b VT' iJ^ff T/ J 
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if 

AP   -   2'i4«31 (10)2nVg2 (I ♦ f) of     2.^9 , 1 

T   ^  pA^V^ or Vr 

P Ac; V5 -  p A2 V2 V2
C - 

P    Aj. ^    - 
■t 

b(Ar) 1355     ( 

ci. VT o 
v^^)2 .59  

[['•ft)'] 

MllTJ 
(P.01) 

A typical curve obtained fron equation (n.0l) is shown on Figure 7. 

COHTliGL l-CIi^T 

When P ducted prooeller is placed in *  rio\ field vith the nrorellor 
axis parallel to ±Q  flow, the propeller thrust is actinr alonr the 
axis, and aie duct forces form a conj, the apex of which is on the 
propeller axis some distance above the durt lip. ..hen the axis of 
the ducted propeller is at som(j an^le with respect to the free stream, 
the nropeller thrust continues to art alonn; the axis of rot-ition, but 
the apex of the cone formed by the duct forces moves upstream. The 
apex of this cone will continue to move upstream until the anfi;le be- 
tv/een the propeller axis and free strean. reaches 90 Je^rees; as the 
nngle is increased, the apex of the cone will move i~ack until it arrain 
lies or. the axis of rotation of the propeller at 10 decrees. The 
platform maintains an equilibrium of forces by tilting ehe axis of 
rotation of the propeller into the free stream velocity and the ce-'.ter 
of aerodynamic forces is continually changing as the free stream velocity 
is increased. The center of gravity of the entire mass can be moved. 
within limito 
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of the pilot is snail compared to the total nass, the distance through 
which the total center of gravity can be moved diminishes, and insuf- 
ficient control results*   The duct produces approximately one half of 
the total lift; therefore, if the total lift remains constant, but the 
diameter of the duct is increased, the moment arm and thus tne moment 
will increase and again insufficient control results»   The necessity 
of additional control forces is obvious.   Several methods have been 
considered and are included in this report« 

The method used to calculate the performance of a ducted propeller 
outlined in Appendix II of this report has been superseded by this 
report.   However, the differences are small and the description of 
the forces and moments are not affected.   As indicated, the use of 
duct exit guide vanes for creating nose down pitching moments are 
not advisable, unless exceptionally large distances between the exit 
vanes and CG. location are possible.   The maximum moment obtainable 
from a means of propeller tip clearance control (see Appendix II) 
such as boundary layer removal at the blade tip, can quickly be esti- 
mated. 

If the test data shown in Figure 6 of this report can be extrapolated, 
a tip clearance to diameter ratio of ,00$ will decrease the duct 
thrust 16.5 percent.   The model 1031-A has a duct thrust of approxi- 
mately 2^0 Ibs.j therefore the loss due to this tip clearance is I4I.3 
lbs.   If it is assumed that the clearance is reduced to zero over one 
hall" the duct, an additional force of 20.6 lbs. would be created, and 
the moment arm would be approximately .7R ■ 1.75'.    The maximum moment 
would be 36 ft-lbs.    The propeller tip clearance should be kept at a 
minimum value to minimize losses, but any attempt to cause a cyclic 
variation in tip clearance to produce a control moment will be non- 
rewarding. 

The third means of producing a control moment, discussed in Appendix 
II, and also in Appendix IX of this report, has to do with the control 
of the duct lip forcss through the boundary layer.    The natural circu- 
lation due to a differential lift would probably not reduce the moment 
to a large degree.    If a powered system were used to direct the flow 
field, the moment would be significantly reduced and at the same time 
additional lift would be produced.    This appears to be a promising means 
of reducing the moment to the point where kinesthetic control would be 
adequate. 

An analysis has been presented. Appendix III of this report, which indi- 
cates promising values of moment obtained from duct inlet lip vanes. 
This information is believed to be misleading in that the forces cal- 
culated would be cancelled by opposite forces originating due    0 the 
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interference between the lip nnd vane.   The calcjiatea '-r.rust, tssur;- 
in^ ICO percent inlet diffuser efficiency, snovrs verj' rood arreenent 
with test data.   Therefore, additional Inlet juldc vane» canr.ot la- 
prove the perforrnn^c cf the ml t  iiffucer to a larr«^ extent, aria 
the aoment calculated must b.- In «rrcr. 

A cyclic pilcn channe car; be effi'Clöd I;, changir.n the Ir.flow dire:tior.. 
T.'^s m«sns of producii;^ a pitching ..osient was investigated, Appendix V of 
this report,   and found capable of -jroauclng a:nroxiwately one tenth 
of the required monent with eunentiAUy no lost* In perforrsance.    It 
would be necessary to Increase tr.e propeller strength, but tills t/re 
of s:/steffl should show pood rcliablllt:' due to simplicity of ttte mechan- 
ism. 

CONCLUSION 

The maxi.num nose down pitching moment developed by trie control   t      -3 
discussed ^re of the or.ior of   0 per:enl of the totAl i.ose up T.eme .^. 
For this reason, it. would dpp<nr that attempts to decrease the nonfit 
by chanres in lip ccnfiaurntlrn .nj^.t le nore renrdinr than attests 
to o'/erpowcr the no?e up r.cr>ir.t.   Tne po-'-^red tounoary layer voula 
appear to r.^v- the greatest pocjiliility o; controlling the romenr in 
that it O>»P y■' used either to  . .M'tacc or docrepje the uoncnt by M rl;- 
ing ^n the j:.o.Li quantity of air vf-Mn the boundary layer,  which  In 
turn altere Lhr entire flow fi.-'ld. 
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COMPARISON OF THfcO^nCAL AKD ÜCP .HIMyTAL DATA 

FOR HILLER HDDBL 1031-A PUTTORM 

The deUll«d analysis found in Section h of Killer Report No.  56-106 
has produced the relation between tip speed and exit velocity. 

a b R C2 [chc^if   -1 Equation Jj.02 

where Ci   • [pc (£)2 d (f)   -   .01716 

C2   ■ / c (|) d (J)     -   .llli9 

ci   " i ^   c (i)2 d (i)   -   .003li85 '3      ^  -T   ^ ^;   a KV 

1 ♦ («! - ■ ©' • - - © 

a b H c/   v^i;; ■  3-:L68 

Constants C^, Co, and Cj vere integrated graphically. 

The simultaneous solution of Equations (ü.O? and 2.0?) of Report No. 56-10d 
allows the computation of propeller efficiency, power required, etc. 
To do this it is necessary to use onl;- the hover tip speed from test 
data. This analysis, then, is functionally independent of the test 
data, and is numerically dependent only upon this one value. 

Tip 
3 VT 
H L^ ^K' % A2 + J^ 

CL A VT H 
Equation (2.0?) 

This was calculated over the range of VQ/V^ from 0 to .7 which is well 
over the maximum forward velocity attainable. The value varied only 
from 1.2li0 at hover to 1.219 at high speed; the value at hover may be 
taken over the entire range, living a small margin of surplus efficiency 
in the upper speed ranges. 
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The power required may be written in the form: 

Ä; [■•'■(;?)'] 
PA V i: 
uoo^, 

Values of C, and V^ at hover (V^ obtained from the nomentun equation) 
wertr aubstiCuted as a cross dieik, yielding a value equal to the 
available power«   To determine the ranre of Vt, V*, and available 
horsepower, the a^suned HPK vas incrosfsed fror. }B00 to 3^10»   When 
the correspond!n/! values were substitutod, it was found that the 
nwor required decreased with increasing V5,   In this ranpe, the 
term K - (VQ/VCJ)' controls in spite of the fact that Vj is cubjd. 
This means that not oven this small Increase in availarle nowcr can 
be absorbed, and this, in turn, ahov'e that the norsenower and .IPK 
are constant regardless of the value of "rj in the operatini? ran^e. 
Experimental data definitely confirms this. 

The qualitative interpretation of th se data is that, as forward 
speed increases, nore and norc thrust is shifted from the nroncller 
to the duct,   Firuro 1 shows the prodictec decrease in power required; 
t.ils curve appeared .13 the D/L ■ Ö, 1 ♦ f ■ 1.2 curve of Fipfure 2, 
Miller Report No. 5ö-lüS .   i>urinr the trnk tests, .iowever,  the povor 
\:P3 not allcn;ed to iJecrense.   As shcjld be expected,  the pronoller 
produced a V^ -reater tiian that required for lift.    In Figure 7 of 
Hiller iteporl 6^0.2 the lift curve for drac-thrust equilibriun re- 
flects the decrease in nov/er required for equilibrium, having the 
peak lift ,iust short of the bucket of tiie power curve and decreasing 
to lift equilibrium arain just, short of required power equal to hover 
rower. 

The test data contain lift, thrust, and thrust equilibrium curves for 
full power.    A curve of Vcj/Vx versus VQA^ has already been calcu- 
lated,    liow it is possible to drav a curve of V^ versus VQ, since V^ 
is a constant for full power operation.    This is done in Figure 2, 

The for cos on the platform may be found by .aomentum theory. 

2 
L    =   p A V^     cos a 

T    = p A V5    (V^ sin a   - V0) 
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These curves are plotted in Pleures 3 and U*   ExperL-uenUl curves 
may be fourui in Figures 7 and B, Hlllor Heport No« 6C0.2, 

A thrust equilibrium curve may ' e drawn in bwo ways*   First, the 
thrust equation nay be equated to zero, reducing the condition of 
equilibrium toi 

V5 sin o -   V0 

This curve is plotted in Figure 5«   As a check, a cross niot of the 
intersection of er.«:h thrust curve with the VQ axis nay be used» 
These points deviated by a snail anount, conflrning the calculations, 
leadinr to the lift and thrust curves. 

The condition deacribH above docs not. constitute a true equilibriun 
nlnce the vertical fcrccs nre not balanced.    In fact, no such equi- 
librium is possible at- full power except at a sinple VQ already ex- 
cluded by oth^r limitation and, of course, at hover,   Eoullibrlun can 
occur only al-n:T the (*WP)v/(BHP)5i curve of Ficmre 1,    It is more 
easily and directly don'j by slnnly cqu^tlnc forces,    Thi3 curve also 
appears in FiTurc =>, 

In order to check the propeller opention, it is necessary tc conparft 
the   iesim and test, values for Vcj, V7, T, and Ppj, 

Desifrn ie^t ^rro 

v5 112,7 ft./sec. 110,; ft./sec. 

v5 
VT 

707               Ja 
-OTT   •

1O37 
')   n<* 
■   * xP 

T :r} lb. b'00 lb. 3.^ 

No direct .qnd definite information aa to either power available or 
power actually expended is available.    However,   the design estimation 
of power required loft hut a small margin from the maximum output of 
the emrLnes.    Therefore,  since the expected \V and T were obtained 
at full power,  the estimation was reasonably good. 

It is safe to conclude that the propeller was properly designed,  for 
a slightly larger than predicted amount of power was absorbed produc- 
ing the predicted thrust. 
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Par« 1 

I« DISCl'SSIO't 

Before the writs or aiMdvanta^es 01* a control system can be determined, it 
is necessary to understand how the basic forces produce lift ana thrust« 
Figure 1 shows these forces in hovering and forward flight, and the acconpanying 
diagrams illustrate how Hiller Report 120*5 is used to calculate the net force 
(FQ) and its direction. If this method is applied correctly, very good agreement 
between theory and test results are obtained« The assumptions essential to 
apply this theory to aucts at forward speed ano angle of attack aret 

1« The net force is in a direction opposite to the flow through the duct» 

2« The direction of the flow tnrough the duct is the vector sum of the 
free strsam velocity and a vector (X) parallel to the duct axis« 

3» The magnitude of the vector (X) is the vector sum of the free stream 
velocity (VQ) and the duct exit velocity (V^)« 

Returning now to Figure 1, first, we must define the terms used» 

FQ Net Aerodynamic Force 

Fc Control Force 

L (Vertical) Component of F 

T Horizontal Component of F 

«^ Gross Weight 

V Induced Velocity 

VQ Free Stream Velocity 

V^ Duct Exit Velocity 

P A Point on the (J, of the Duct 

Ma Aerodynamic Moment 

MQ Control Moment 

a Duct Angle of Attack (Figure 16) 

i (Angle of) Inclination of the Net Thrust (FG) 

ß Angle Between the Vectors X and V^ 

CONFIDENTIAL 



I 

t 

C 0 II f I 0 S N T I A L 
Alrbomt PUtfom ProgrtM 
Hdf-ort,  Mjircn 
Appendix I 

Pi«* 1 

HO\/£R     (a) 
WS.F6 

D'T 

FORWARD    FLIGHT   (b) 

^s: 

1 
\k 

A 
^^ 

W6 
\' 

Ra L 

tP 

V, \[   X \' 

^6^ Fc 

A/(9I/£R     (C) 
QUST     (d) 

OPJJJ-J* E N T I A L FIGURE    I 



CONFIOINTIAL AlrbonM Plitfoni PrcgrtM 
hiport, March 
Appendix I 

P««« 2 

I» Diacpaaiai (contiJiu«d) 

It «ill be noted fro« figure 1, (o) and (d), that a platfoni bovarlng in still 
air aubjected to a gaat «ill develop a dre« force in ttoe direction of the guat 
and iiMiIUneoualy a variation in lift tlorv: the duct Up« creating a aoatnt 
^ which rotetea }he duct and tlpa the vector FQ; because there la only a SBSII 
tranalatlon (VQ   ■   0)   4   * a   and a force   T ♦ D   la produced in the direction 
of the guat«   The tranalatlon velocity la lncreaaedf but the Aonent M. vlll not 
vanlah until the tranalatlon velocity reaches the velocity of the gun«   At 
this point   ^   •   0, but there is no restoring moment.   However, if the 
tranalatlon velocity exceeds the guat velocity a restoring eenant will develop 
eh loh will atablllie the platfoni approxlaatoly at the apeed of the guat If 
sufficient time la allowed. 

Now that the direction of the aerodynaalo forces can be found, it la possible 
to aee how a platform may be controlled by a ahlft in the center of gravity* 
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!•   DUCüaSK» Continued) 

flgurt 2(a) ahowa a hovarlnc platforai all foroaa are in aqulllbrluB, and no 
mt exiflta.   In fl^ura 2(b) '-ne e.g. haa auddanljr baan diaplaead9 and a 
mt appaara dua to tha ahift in Might with no corraapondlng ahlft In lift« 

If thla o«f • poaltlon la nalntalnadi tha velocity ia Incraaaad, and the lift 
on tha leading duot Up baooaaa aufflolantlj larger than that on the trilling 
edge to produce an aerodynanlc aonent equal to the weight aoaent«   At thla 
point, the thruet TOO tor (fn) la Inclined at the angle   4   and FQ ein ^ • drag» 
The entire aystem la In aqulllbrluM, figure 2(c).   If tha e.g. la returned to 
Ita original poaltlon, Figure 2(d), the aarodynaalc aonant reatorea the platfora 
to the horliontal position, end   4   decretses to aero| thua the thrust (FQ) 
la again equal to the Might and equlllbrlua la again attained aa In Figure 2(a), 

Now let's examine the platfon with exit vane control* 
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FIGURE  5 

In Figure 3(a), the situation is the sane as in Figure 2(a)« In Figure 3(b), 
the operator has initiated a force intended to roll the machine clockwise, but 
in so doing he has created an unbalanced control force FQ, which starts to move 
the platform backward• If a constant control setting is maintained, the entire 
machine will rotate so that ^ increases, and a component of thrust overcomes the 
control force and forward motion is initiated» Eventually, an equilibrium point 
will be found. Figure 3(c), where the control moment and aerodynamic moment are of 
equal magnitude but opposite in direction, and at the same time tha control force 
and drag are equal and opposite to the thrust (T) and FQ is still sufficient to 
maintain a lift force equal to the weight» 
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!• DISaSSlUN (Continued) 

ttien tne controls ere returned to neutral, mere is an aerodynamic moment 
tending to return the platform to the upright position, but tne balance of 
the horitontal forces has been destroyed, and the tnrust is greater than the 
drag, Figure 3(d), and Ute platform will accelerate« If the controls are 
maintained, the machine will begin to decrease its angle of attack« i and 
consequently T will reduce, and again it will return to a balanced position. 
Figure 3(a). 

If we examine Figure 3(c) in light of the test results of the present platform, 
we find that the control moment is very large« Hiller Report 515*91 indicates 
an equilibrium at approximately 25 degree tilt angle and 30 knots forward speed« 
The moment that must b« overcome is 3^0 foot-pounds« If we assume that the exit 
f^ns are located 3*6 feet below the c«g«, FQ, Figure 3(c) has a magnitude of 100 

i pounds« Now T ■ FQ ♦ D for equilibrium« This additional 100 pounds must cone 
from FQ; therefore the tilt angle must increase considerably as well as the 

. magnitude of FQ« Therefore, the forward speed for aiy tilt angle will decrease, 
' and consequently the maximum forward speed will be reduced by a considerable 
I amount» 

The larger the distance between the c«g« ana the control fin, the smaller FQ 
required to overcome the moment« for instance, if the distance between the c«g» 
and control fin were 10 feet, FQ would be 38 pounds or about twice as large as 
the drag force D« 

In practice when the control force is applied ana the machine commences to respond 
in the opposite alrection, more control is applied and by this time trie angular 
acceleration has proäuced sufficient tilt angle so that tho Horizontal component 
of FQ, that is T, has becoiue predominant and forwaru motion is increasing« The 
reaction is to decrease the vane deflection which increases T-(FQ ♦ D) and the 
forward acceleration Increases« In brief, though not unstable, it is a difficult 
means of control« 

!!• METHODS Or CONTROL: 

If spoilers are used to control the platform, a control force will be associated 
with a aecrease in thrust« If suction is applied to the duct lip, a stable 
machine results with the opposite effect on required power as the spoiler; however, 
the tendency to follow a pust is not alleviated«. 

How, then, can a platform be controlled satisfactorily? 

A plenum chamber connected to the duct lip and vented through the lip will reduce 
its natural stability as will be shown. Fipure ^(a) shows the hoverinp duct«. 

• 
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II.   METHODS OF CONTROL (Contiiwed) 

(b) 

There is no flow because all portions of the duct are lifting uniformly« Vlien 
the duct is subjected to a gust or forward flight, as in Figure Mb), the 
velocity over the duct lip increases on the up stream side and decreases on 
the opposite side« K relatively high pressure will develop on the side with 
the low velocity, while reduced pressure will prevail on the upwind side« 
Thus a flow will be developed in the plenum chamber from the high to the low 
pressure side« The boundary layer will be forced into the plenum chamber on 
the side where the velocity is V - VQ and the low energy air will be forced 
into the boundary layer on the opposite side« This will tend to neutralize 
the lift and moment; however, there will always be a restoring moment,, which 
is less than the non-vented platform. 

This, then, is not a means of control but rather a means of reducing the sta- 
bility. The control force need not be as large with the vented lip, but exit 
vanes below the eg« will still produce undesirable forces. Therefore, a 
spoiler or other means mxbt  be employed to produce the control force or moment. 
If vanes are desirable, they must be placed in a stream of high energy air, 
both in hovering and forward flight. Vanes placed above the e.g. in the inlet 
stream would produce both a favorable force and moment but would probably be 
ineffective in hover due to the low velocity. If vanes are placed in the vi- 
cinity of the duct lip, the vane on the down wind side can be used to produce 
additional lift and a desirable moment at low forward speeds. At high forward 
speeds the velocity over the down stream lip is insufficient to produce the 
necessary lift; therefore, a vane on the leading duct lip must produce the same 
moment and force change as spoilers. Vfe find ourselves reverting to e.g. change 
or boundary layer control for the control force, if we do not wish to accept a 
means of reducing lift, such as, spoilers. The change in e.g. location is good, 
and with a vented lip should give adequate control. Boundary layer control with 
the vented lip should be adequate, but the vented lip is in reality a boundary 
layer control, and at high forward flight speeds where VQ aPproaches V, suction 
on the rearward lip would becoine ineffective. 
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II»   MBThOPS O'e CONTML (CoutimMd) 

It la know Uut th« prop«II«r Up cltaranc« It quit« critic»! 1B producluf 
duct lift«   Thlt, th«nf it a poailbl« Man« of control* 

(a) (b) 

nßUR£    5 

Fl^ura 5(«) ahova vhat la happanlng at tha propeller tip.   Tha higher praaaura 
air at* tha down atraaa aida flova over tha blada tip, caualng aeparatlcn ahead 
of tha propeller•   Figure 5(b) ahova poaalbllitlea of local control, which would 
cauaa a cyclic lift*   The firat method aay not be poaalble, due to the bending of 
the blade, but. If poaalble, should result In a analler quantity of air to be re« 
uored.   The duct lip la an eitreaely handy aouroe of low pressure, which could 
be uaed to supply the auction«    This could be acconpllahed with only a small orer- 
all loss in thrust, because the duct lip thrust la reduced but the propeller 
thrust la increased. 
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PLATfCRK CONrrtCL 

Memorandum (C) ä-^6«l$9 
A.   Introduction 

Ai. Inlet ♦'uide van» contrcl \.za i^u ni'.t'eöted as a means of 
platform oontrul.   The vane woulu re located In the* vicinity of 
the duct lip, either on the forward sidu, the rearward side, or 
loth.   If toth fore nnd aft vanes are used,  ti.ey would act in 
opposite directionsj that is, the f.-rward vane would cause a  in- 
crease in lift on the forward duct lip and a nerative vane lift, 
ind the pft wie woulc jicre-.so the lift or, the aft nortlon "f 
the duct Qnd produce a liftir." force 01. the vane. 

This <    lysis is not intendeJ to rive absolute valuus, but an 
Indication of th*» forces and the feasibility of buch a means of 
control, either for nust Jiabilit-  or fonrard fliK.t. 

Hov( r Analysis 

Tosts ••ore conducted to vt rr.in-j the velocity profile in a ver- 
tical direction above the d;ict lip.   Tho tert r^s run in   round 
effect with ti.e .iuct exit apnroxinately one foot a!'ov*i thr paved 
surface.   The velocities o\ tained v'f;re c.' nvcrted to dynar.lc pr*»s- 
cure ( ])  Tid plotted a-au.SL the dintancu abov tiie li|> in inches 
(h), Figure i. 

The variif.ion of dynamic pro sure alonr the 3iu'f«oe of the du:4- 

is snowri in Firure 2.    The values uf dynamic nio.iare lor a •.;• 
pr./'le of 0° and fon.vnrd velocity of 0 knots are probably quite 
accurate; however the values for a fonrard speed of 3P knots and 
a tilt ■ r.flrj of 30° are somevrhat in error, due to the as?aimtion 
i'n^l tlir total pressure is uqual to iho static pressure.    In 
reility, the total pressure is rlirhtly hirlier than .-tntic»  how- 

•/or -"hi. velocities arc probably of the rcneral order of ma^riitude. 

The lost results arc duct lip pressure below ambient pressure. 
This was pssumed to ■ • the sane as static to total pressure in de- 
tori.-.inin'- the values of dynanic pressure.    Actually the totnl n^es- 
sure on the at'b lip is sieve anbient as evidenced by the   fact that 
■:• pressure of one inch of water above ambient was measured at H = 0 
or. the aft duct lip for the conditions of jf- 'mots forward .-peed 
ana 'i tilt anr-le of 30°. 

Becaiu-'r  :.- is o vertical    orce,   tnat is,  desired from the  inltt 
•Tuulo vane,  it n.s been assuriod that the maximum chord ^ n of the 
order of six inches.    This ansmantion enables one to evaluate the 
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the lift fron a 'iven vane lenirth fron the expression: 

L • C^qA 

If It Is further assuned the*, a lift coefficient of one can te 
obtained and thrt tho duct vlll contrltuie an additional force 
equal to the force produced by the vane, the total lift Vecomes: 

Lf ■ 2qA 

If vo define f as in t.e 
acconnanyin': dlarrsn, \  is 
Independent off for novur. 

Circuri'erencc a ul) 

The len::th of tn. com re 1 vane = ^ ^2 -^l) 

vhere f is in dorrt-es. 

If the lii't. if. considered ■<■*. tiie center of the area,  tne noment 
am can lo computad. 

Moir.ont Arm    =    il cos 

The moment in foot nonnds is: 

r    - ■ i   COri Lm    =    2 R cos 
^,-t, 

■lA 

i A   COS   (  —-T;  
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C 0 h F I u i J. T 1 I.      4. 

T;.e jaaxinu.**. /anf ••:■ ord nnj r^en ASS'-x.cd       ,    feet« 

A   •    *   * ^ (♦    »i  ^ 

tan | «     ' rridi'.u«. 
a 

a/U 

ValU'.'J of h/i üH'.:I.. i i »v;   tins     ;• ' l.  r; nrc 'lo*t»-, afainst 
.rfl- Ki '..v J, 

Ar. v. ra,,c. value cl' r. cm r.rl .nr-d fror, Fi-Tiro 1 aid 2, The 
^Vf:rn,;e 'in Per x '■ua.-n -L ''id +'i Lrf 'trcri. 1c fron Fi-lira 2, 
btartiri' Ht . : of io on F' ur 1 •••.i ':li.<- up to 2 inches above 
♦■•ne lip, t .r - v :•■ -. o i:. -' .-rexirv'«!; (5. A.-samiir: I'tl0 of nrc 
oovared b- t:.: cor1 ml v-.r.-,, w-zn fron; i^'i rrure 3»M/", = 11.3. The 
r: xinur: forent -vailnhle  -'; 9(il.j)   - 101,7 ft.-lbs. 

If zne '.rr...   ic  ;i..-'. llta Q:\ Lnt  .'i'. i L end a. d i'iie r'" • mal .S.ILC 
or: UK  runr lip,  tiie i.c-;.»..:.!- v.oula        '.nproxi.   t.cly . vO.[   ft.-Ihr. 
or i'Vicc  tho v--l\.o of P single v.'Uie. 

c*    Fon'-iri Fli.-rhl. Analysis 

The accoi'pHnyir." s!'~ccij i'. the sr.mfc r^ ' ,.'.. cfurftöyiondin1 one for 
i io lovcnn" .•L'aJysi..?; iio -vor q no;; v'^n.-- "■,.':! ^, A;iriTo tnat 
th;   '-uh/ili o!; ir cf V'".  forn: 
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l^ •    IH (C ♦ X cost) 

Ptcanro Fi vs    ?  ;!iov;s  'Jic varinloi. o:' -, with ., tu    •   at: ro::i- 
motcly the ---•,        finn ovalualf   t..   constants nr, qny .-, ray A > 

At   x = .. •i p 
'11:0 ' L  . :r.ovcr     c c        '^ 

1|  »    qH (C ♦ X co:; t) 

t    a :!| 1H (C ♦ K) 6?   =    2L' (C * K) 

t    =    1 ^        1^   -    ''H (C - K)        10.2 =    21? (C - K) 

J + K 2.965 - K    ■     .:i6i; G  -     I, IV' '    K ■   l.c'ch 

q^  -    1.2^0 qH (1.371 + oosf) 

'i'-,-. 
I 

^i 

i.:.1^ (i::.0 
-t. 

rrd.. ,1) 

co^ | 
> 
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•*••   A-in-e 
MOMfc -        .- 

■ •»••T - ■> P 

: c :: F 1 D K K T I A L 

ut. area x norvn! RTI»!   • 

A-iin, assumr.^ the •/^•'.c• r:X'^nds    i. *.'.- uldea cf I, ■ Ü of tha 
l^'din^ duel '"dpe, *'ie &bo"r .-xj-rcssion i'"co^ot»j 

Forv.'ard vane,     D •   ^ 

H ^" 
—   «   i^.6l cos     -r-       .023vniD ♦ sir. ♦. 

Trail in- iip vane 

—   -    l^.ül cos      —       .02390 (1?0  -I,; 
'Mi i 

si- I- 

Figure [| ir.div'atefc the :na'':.it.:j'.e of the : ■ rn r.t available at  firvar i 
?pe.';cl.    To find tnc menent proct-vd ar in i.hc  > revioas exami-ta,    /.s- 
sur.ir.ij the samt location cf ohe  /ane, w? have an average q of 9. 
Fror. Fiinire h,  l?Ü0 of arc covered by the varie on the forward Lip 
yields M/qH =  30 and the laomeiv  will he M =   jO x 9 ■ 270 ft.-lbs. 
If an additional vanfi covering; 12w0 of the aft  i.:p .1? used,   it will 
have H/q r 7»5«    This vill produc<? an additional .noment of 7.^ x 9 
- 67.? ft.-lbs.j naidii' the rctfl .-uoinent ;'0Ü + 67.5 =  337.^ ft.-ibs. 
FLjure 5 indicates the nonent ie-)uiroi nt a tilt, angle of  30° and 33 
inots fon-rard speed to be  ':,(*..' ff.-U";".    It vculd,   therefore,  be neres- 

Srii'j- for the pilot to supplv appT-xlmately 100 ft,-Ibr-,    Ir *ni^ c:en- 
ditien the net force du- to the vane would -e approxinataly lir Its, 
dov/n on Wie forward iir ond   ,1 Irri, aJditj on-?! lift or. trie -aft lip. 
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A«   Introduce on 

One ct' the letaods proposed for rcducir.*: the l»rne nitchup 
-.onent on t-io -lutforr in for^arJ "li^it is BLC - venting and 
intercunnectin«" tie uuct lips to eqjali/.e the pressures, 

1*. i-» tn»- considered opinion of UJP uritor thnt t.iis method 
rill not kfork.   The rollcin': quailutlvc Analysis is offered 
Ir. support of this opinion, 

P.   Analysis 

Consider a "two dLnensionfll" duct (i.e., a longitudinal cross 
section). Partherrwre, consider the lip ed^es carried aro!T.d 
to the trailinr c^-e to ctTinlotu the «Irfoil. 

\ 

N 

Figure 1 
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In hovering flight the air enters symtrlcelly over both "tirfoile". 

r i- ure 2 

Lift, Li,  equals lift, L2, and if we consider that the lift is 
generated by a circulation about the two airfoils, we can see that 
the fan is generating the velocity and the circulation about both 
airfoils, but the circulation is in the opposite sense on each air- 
foil. 

Figure 3 
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The clrcuLfttion ov.;r the aft oirfoU U m tiie OPPOSITE UitECTIOf: 
as that set up by tne fan in hoverinr flipht, and Üw» circulation 
ih now In the sano aeruje aa for tfwf forward airfoil. 

Figure 6 

llcv VM: see that the far. "^uck')" the "ncr-nal" circulation tiulrlup. 
or cor.v^i 3tilv '.he forv;ard velc .ity "backr:" tue ^ircul'iion set ir 
by  the far.. 

Now if •.•':- v-f.r.t to r.aintäii. the syr-netrif^l lift GV-.T tne tv:o air- 
foils, ■■•G muiit r/ärnain the tame r.yni.'.etrical flow p3.r.ierri a:: O^Oü; 
in liovex'ln^. 

Our moriont would  t? elirninatod if the  t'lo1: p.ntt.ori! luokc.n like 
Fi.-ure ? hoinu lather t;ian liko Figure a» 
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Fi^ort 

her,   \-\: can ';r.o that ve arr. a.: .in;' v'ne lip vent HLC syst-en .-■ do 
in -T:fiJ. lot if v.'» luT*''?  c-c  di?:;!*^:« Liie rici   :<?:•■ m AS   jr^riuiliy 

•"•.i rjoi/i:, •■Uh a larger    "■ ■■ t''" air 3.?"nll.y ir.ak-ir.r: ^ r^'.-crr-   !  ;r ■ 
: r,   )r ior r.o rio1   ov.r  t-he mr  L.:   in the corrct iiar.rer. 

Thti Mi.-'.ir.' '.iuct lift   lo ohtaiii^'J '.yron the  rar'iv; PccnlcraT.i on .-f 
tiie mars of nir aronr.d the  lip,     -■• jpin,- '' lov; prossiire region. 

üUCTIOi: ilCLLü ÜI!  the rear lir, ,■ i 1.1   not provide a low procure 
region anli-u s   th^ suction is (inoa,«"1-  to ci arr- ihc   :eiioral  flew 
pattern. 

Tnis can le de, ionstratüd b;- r>i;o\;ln    tiu;' pn^saure pattern a.^ una an 
airfoil: 
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a)    ./iUso-jt HL« 

■Suclioc 

b)    If suctioii is applied, the •jre.-surf1  »es not jo-reas* 
nesr Uiu suction i»ole, t» us: 

c)    But tiie entire prercure (and flow) distribution is 
chsnred tlms; 

In orrier .o   io •.-.v-; we propose, "c hrve to nut in a larr^e ancjr.t 
of po\;cr t.   c:.ar.f'e the flm- field. 

If -Q Mt*Ki ^I'C.I '.he  :'rcrr- lio, \x vill J.otroy cr.c Iit't   .1; Lr.c 
front ritriC'it, M-rt.ürially increasing tnf' li."t :>n the rc-ar. and vo 
'•ill hnvG to  ■) ]t  :Iü;T.  po^cr  Lnto T.n.o platform,    ^o '.c  .'.vo    c arcj 

still left v.lt.h 'iu   conclusion tnat re will hnve   ;o nay a • J •-■:• 
price for y.u.nent  control, IF .'E GLlvSIDiU EQUALIOIIW Trli [.L!:.IITJ 
BY flow altem tior around the duct. 

If, on tiie other hand, ve reduce the pover put into the "forvjard" 
air to keen Lx constant as forv/ard speed is increased,  then \<o, car 
put thflt poi;er into the  "aft" air to keep Lp ni<i;h. 
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SUMURX 

It has  been suggested that propeller inlet guide vcnes, or stator 
vanea, bo used to direct the induced Telocity into or opposite freu 
the direction of rotation of the propeller blade, end thus change the 
angle of attack and lift coefficient of the propeller. This will 
again change the inflow velocity and, in torn, the lift of the duct 
Up. 

According to the analysis, an optimn configuration is reached when 
the area covered by the inlet guide vanes is a circular segment of 
approxinately 160 on the front and another equal segment on the rear 
portion of the duct. If it is assumed that the propeller inlet guide 
vanes are capable of turning the flow through an angle of 25°« the mo- 
ment from the propeller will be 20.6 ft.lbs, and the additional moment 
will be 67.6 ft.lbs, or a total of 68.3 ft.lbs. The thrust divided by 
brake horsepower in the hoverine condition will be reduced by .156. 

If the machine develops U75 lbs. of thrust with the consumption of 77 
BHP without propeller inlet guide vanes, the addition of guide vanes 
would require an increase in horsepower to 79 BHP for the same per- 
formance. When the vanes are deflected to achieve 25° of turning, 
the maximum blade lift coefficient (assumed to occur at r/R ■ .5) 
will be increased by approximately 0.5. This increase in lift coef- 
ficient is associated with an increase in drag coefficient. The in- 
crease in brake horsepower required was calculated and found to be 
negligible. 
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I.    MOMWT APPLIED TC THK PROPELLKR BT CHANOINC THE INFLOW LIREairV 

but 

but 

and 

max 
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\ / 
\ JL Li  

tan p' « ^.Jv.   cos'y^H 

tan ^ A 

>■•■ 23"      ^ni     tan/ * .- 

V,  s.i n( 'C - • ,) 
tan d* '- jt— "-'^rs—-r 

3in(90. >; ^ -o.' 

ccs(90- -) ö sin- 

.an ^ 
i. 

iC* ■-v.,  tine 
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«d 

but 

V1 flnCW^e) 

co»(90 ♦ c)   • -sin r 

V, cost 

<'•*•• 'l«6*' [ar-VW   *  ir ♦ Vint 

V,COSc ^1  

\-» " *a     /       \        ic    / J 

sin*; 

A.^ 

ir 

V-, cos,-. 

V. cose 

-   << 1.0 

/     Vsim-A1 

' i . Jt  

l+- 
V. sin*N 

L 

/    V-sint 
\ 1 f —TZl— 
v. XT     / 

V, sine N 
' i    -  
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A4 

2 
V. cost28in 

—i*— 
2 

t       2 V^ cost tine 

(fir)2 

but A^ -  Aa - da 

and ^ - 5.73/rad. 

• 
• • 

dCL 
dT (da) • dCL 

5. 
dCL   •- 

,73(2^ coat sint; 

(fir)2 

1] 
dCL   -- 

2 
1.1*6 V^ coat aint 

(ar)2 

dCL 
5.73 V^ (28ln« cose)     5.73(V1

2 5in2f) 

(iff)2                         (Sr)2 

and L ' «XOV^e 

but ' " 7 P "blade 

and Cade ' "o + ^^ 

0 
.     0                                                  / ̂ L- 

5.73 V^slnZt 
V*  * (2r)2 

^lade ? 
(ßr)2 
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If radltl inlet guide rtnes extending 
fron the duct to the hub ere ueed, t 
relatively large blade are« experiences 
the new angle of attack inatantaneouslj} 
therefore, it haa been suggested that 
TOSS extending fron the circjrfsrence 
to a chord line be ueed. 

N \" ' \ \ . 

The area of the blade experiencing the 
changed angle of attack will vary with 
axijimth position. 

i  « length of blade influenced 
by vanes. 

.    .        R  2OS0 siny ■   ß ■ p- 

R- I R cosO 

V      3in\|r 

Ablade ■ chordiC)(length; « Cc 

BLM~ 
\ 

^ 

A       i 

R       'i'      V<A    ! 

t 
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Now: AT 4 2.865 V.2p 8in2e(CR)   7 9 
AL ' 1—,  V ♦ (fir)2 

(8r)Z      . 1 
1- eogg 8ln7 

At f a 0| r ■ R 

•nd tt t ■ 90 |  r • Rcoaft 

The average value of r should .*       ^    _». 
be closer to R than to R coeC. « ^ 

For simplification, assum that the average value of r is obtained 
2/3 of the way between RcosO and R. 

1 

2 2   R 
r— - RcosO ♦ » (R-RcosÖ) ■ T R ♦ T co80 

r— - j (2 4 cosO) 

•'•  ^iv " T (2 4 cos0) 

and 
 2 

(fir-)2- ^- (2 4 cosG)2 

2 

r^ v^/(2 cosO)' 

The blade chord decreases linearly with radius from R « r to .liR 

r/R - 1.0, 

r/R - 0iiy 

c » „2 ft. 

C - .3182 ft. 

c «= m =■ + b 

Evaluating the constants, 

^ " '397 
I- .1653(2 + cosO) - .265*7(1" o2U75 -osG) 
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: 

but r^ - j (2 ♦ cos©; 

l/ • i (2 ♦ C06Ö) ••   T"J 

ana 

. J 
■ i 

i: 
J 

1 

j 

:    ] 

I   1 

Cj^ - .397[l. .1653(2 ♦?oaö)]   - .2657(1- .21*75 cooö) 

The moment arm (h) is the distance from the center of lift (LIL) to 
the axia f » 0, f - 180°     If the senter of lift (Al) la assum&d to 
be 1/3 of the distance t from the tip; 

but 

h - RcoaO 4 2/3t  slnf 

h - R 

- R 

n •" *• 

2 2 cosO ♦ » slnf - * cose 

cos© <♦• 2 sin| 
_ J 

I 
I 
i 

A^^J-f(?fj 11    £2£.e N 

v  " sini' 

but 
V 3Vn 

(2 ♦ cosO)4 

. AL -  j— cR^ i --j j 1*1-   (<: > cosO) 
X (2 + COSO)     LI 
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lO^A 

Ui*.9 

bat o^ ■ .2657(1 - .2175 ooÄ) 

AL(h) »AM       tnd   h * J [cotO« 2 slut 

AM-.25^ ^•^ 
{2*COBQ) 

- ■ 

1*(Ä M2*coaö)2 (l-.2ii75e(»0Xco86428int) 
V' J /,     cost». 

.1 
a; 

Constants: 
..283 (^.„3 

P • .002378 

V^   J13 

R -   2.5: 

AM ■IL'673in2;|r^ 2.013(2 ♦cosoAl- .2^50080)(oosö* :r:n^);/] -^g N) 
(2+coser1- J ^    5int 
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II.   ADDITIONAL MOMENT DUE TO INCflBASED VELOCITY ON THE DOC? LIP 

10 

IO>IA 

lili.9 

=: 

L   -   CL^A^ 

1   * (P2 - Pl>Adi»k 

' 1 L^ Adi8k 

Now: 
PTl " Pl 4 ^1 

1*     ■   K 

A 
citn 

,.i 
p^ ^i 

/ ^^ 

but     PTi - PTo - P0 

.-. (P^PX) '^ 
v; 

but   p AV  ■ const. 

p « const.;; A » const.j .'.   V « const. 

and       We * 12 P        =    P 

„ olade 
"i' cLqR r—- disk 
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Wit                                                   I                 • 0 
Adlfk 

Vl2  ■ ^ VR?0                  ^ VR2 * (kr)2 4 ?1 

?12  " h0 ij^^47!2-   ' CLo(i*)2 * CLa 712 

?2.V^2 

The blade chord, C,     • C^-i ,3,7H   ) (r - «3») 

C.3 ' •275, '   ^ ' •200'     •75R " 1*?5'    JR " •75 

C - .275 -C27^00)^' '75) " •275" •0,428r * •0321 

If one rotor disk is used.. 

V   -   Ä   ^                              V   -^ Vl    /2        TU                  "         Vl    ^   2          ^ 

AV      r                  ,      ^ 
i   /      2           VY- 

UflL(.lli75) "7 
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PRKLIKI^URr ABRODTNAKIC MhlVSIS ZTT 

Uli.9 

3«cAuae of inlet losses «nd boundary l«y»r effects, the V, obttimd 
fro« the tquttion does not agree with test dsts.   The dolest test 
point Is about 7" above the blade tip.   It will be necessary to use 
this point and assune that there will be no change in boundary layer 
or tip losses due to the increase or decrease in inlet felocity. 

\ 

5.73V, 
1 - cost ^ 

V1 8in2t fro« dotermination 
of maxun-jr. Made 
lift coeXficIe.r.. 

SeTip^^ ^ Äer^ ^ - the duct lip, 

ACL ■ "Sr-^l - cos£ i ^^ 

Aa-u-e     V, . 11,0 ft/sec,     fiR . 683       and    R . 2.5 ft. 

/. It is 

- cos   ♦ .1025 sin2 ) ^ ' 

The duct lif t LJJ u j PA,     where 

^d PT - P ♦ q 

• •   P'p~Poq"^P 

Moment arm = [(R+^)+ (.R.f ^)cose 1 4 

b = 8" = .751 R B 2.51 

A ■ .06550 (0 in degrees} 

Moment arm - l.Ii375(l + cosö) 

•JP - PT - P 

>/ [ s. 
K 

\   + 
/ 
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AN - .0912 Aq 0(14 coaO) • .091x2 Aq0(l ♦ co«ö)     (0 in d»gr«f«) 

Aq - p/2 AVj2 - 1.189 Av^dü'3)        StA UT»1 

1 
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III.    CHANQB IN PROPELLER BLADE LIFT COEFFICIENT 

r 

V1 8in(90*O 

^^ da ' to-^cosW**) 

V1 sin(90*6)       V1 
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At r/R ■ .5, C, reachea a naxlMUi value of C^   ■ .76. 

• viV.   i .,. 
(8.92-1?     ^^ 

.365 

dC^ ■ 5.73(.365) (l - cost i ^ sin 26 j 

^ Cl * dCL • i'2** 

.'.    dCj. • 1.2 - .76 - .U^ 

M ■ 5.73(.365} ^i-cos6 i .1825 sin26 

.2105 ■ Tl - cos« * .1825 8in2e ") 

-.7895 - -cosr: 1 .1825 sin2't 

CONFIDENTIAL 
60'030  C 



"-.- 

' 
•   •-€ OAff 

A. Mbrf      , 6-l$»$6 HiLLER HELICOPTERS 
»•»»,• 

PRSLIKINART ASRODTNAKIC AlULTSIS 

•«Of 17 
«OOf t 103U 

«I »..••  MO Uii.9 

CONFIDENTIAL 

IV. DECREASE IN HOVER PRRPORIUKCE DUE TO INSTALLATION 
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Th* toUl vane area required can be found fron the force produced. 

2 2 
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but F - L ■ WS 

iTBinc. /'  3ln20 \ 

This is the vane area required when the maxlmun CL and sint are used. 
To this the supporting strut will have to be added, which has a length 
of liRsinO. If a chord length for the supporting strut of h/12 foot is 
assumed: 
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Fro« Hiller Report 120,5 and the condition of «ero forvtrd speed. 
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Constanta uaedt 

'V     ' •   .75 
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CT 
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• .028 

i   1.10 

Ai'p ■ -.2665 *i*L    (t-8-^) -.0356 sine 
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V.    IVCREA3E IK F.^JUSITS POWER DUE TO DSFLECTION IT 

PHCPELLER IKLET OüinB VA.VES 

rhp      OT5— K '  EBBS— 

There Is a change in dreg coefficient associtted with the chmge in 
lift coefficient. 
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FVom the determination of the blade lift coefficient - 
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Constants:    (exlstinr: platfora) 
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