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ABSTRACT

Analytical and experimental studies have been made to
establish a method for the design of propellers and duct
systems for annular jet ground effect machines, Propeller
and inlet geometry and the effects of nczzle velocity
distribution on annular jet performance were dnalyzed.
Experimental investigations included tests of an axisymmetric
duct and a curved duct at various ground board heights and
inclinations. Overall and the detailed internal efficiencies
were determined and are compared with the analysis.
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SUMMARY

An analytical and experimental investigation has been
performed to establish design metheds for propeller and duct
systems operating in ground effect, Methods are formulated
for the calculation of propelleir-in~duct performance., A
sirple analysis is made of the effect of exit nozzle velocity
distribution and it is found that a constaat nozzle velocity
results in a maximum lift to power ratio. A qualitative
analysis is made also of the duct efficiency. The similarity
parameters of ground effect machines are determined.

In the experimental programr the effect of various
geometric and operational parameters on the internal perform-
ance of propeller-duct systems in the proximity of the ground
were studied, Maximunm overall internal efficiencies of 78
percent for an axially symmetric ducting system and 68 percent
for a curved duct system were obtained.
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INTRODUCT ION

The potential of Ground Effect Vehicles for various
phases of transportation has resulted in increasing activity
in the fields of rescarch and development of these machines.
Early expectations of large increases of gross weight to
power ratios were somewhat disappointed, especially due to
the poor internal efficiencies of the existing research
vehicles., The present program was undertaken to study the
parameters that affect the internal efficiency with a view
of providing design methods for machines with improved per-
formance characteristics,

The aerodynamics of Ground Effect Machines can be
divided into four basic areas:

1. Air Intake

2, Air Propulsion

3. Internal Ducting

4, Ailr Exhaust and Base Pressure

The major analytical and experimental effort to date
has been concentrated on the last area, and specifically on
the determination of the base pressure. The present program,
on the other hand, was designed to further the state of the
art in the first three of the above areas., Both experimental
and analytical work was performed and the results of this work
are reported herein.

Two basic configurations were investigated:

1, A straight axially symmetric duct
2. A 90 degree curved duct

Because of its relative analytical simplicity the
straight duct was the first subject of investigation. Both
geometric and operating parameters were studied and methods
for predicting the performance of a propeller-duct combination
in ground effect were formulated. Next, the cffect of duct
curvature on the internal efficiency was determined and a
number of interesting results were obtained.
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Both duct configurations had large nozzle area to total
base area ratios. The reason for this choice was dictated
by the desire to simulate the duct system that should be
used for GEMs designed to operate at large values of e

This report is divided into four sections and has one
appendix.

Section 1 presents the analytical methods formulated
during this program.

Section 2 discusses the test results of the experimental
part of this program,

In Section 3 the test data are correlated with the
analytical methods. The next section deals with a method
for the design of propellers and duct systems for annular
jet GEMs,

The test program and a description of the instrumen-
tation used as well as their accuracy is described in the
appendix.
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1.0 PERFORMANCE ANALYSES

1.1 INTRODUCT ION

The performance analyses presently in existence deal
mainly with the prediction of the vehicle base pressure based
on known flow characteristics of the jet efflux. The required
power of the entire vehicle is then obtained by muitiplying
the jet efflux air power by a loss factor. There is a dearth
of data on the evaluation of this loss factor which depends on
vehicle design, as well as operating parameters. The purpose
of the present program was to increase the knowledge on the
parameters affecting this loss factor by suitable tests and to
formulate methods for the determination of the internal flow
characteristics of annular jet GEMs, The resultant methods
are shown to be capable of providing information on the pro-
peller, inlet and ducting geometry requirements.

This section presents the results of the analytical
endeavor of this program. The following items are presented:

Dimensional Analysis

Determination of Propeller Thrust
Determination of Propeller Power

Duct Efficiency

Effect of Inlet Ring

Determination of Base Pressure

Effect of Nozzle Velocity Distribution

el ey
[ ] [ ] L] L] . L] ®
OOV WRN

1.2 DIMENSIONAL ANALYSIS

The formulation of generalized analytical methods of
predicting the performance characteristics of annular jet
ground effect vehicles requires that the significant non-
dimensional parameters be isolated. The determination of
these parameters is achieved by a standard dimensional analysis.

The physical parameters affecting performance are:

Duct Inlet

a. Inlet ring radius, rs , or projected planform
area of the inlet ring, A_
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b. Thrust, Ts
Propeller

4. Area, Ap

b. Thrust, Tp

¢. Rotatiomal Speed, 0

d. Blade Pitch, 6

e, Solidity, @

a, Length, /QD
b. Total Pressure, &
c. Static Pressure, P

d. Curvature, @p

a. Area, Ap
b. Pressure, R

Air Curtain

a, Curtain Area, T Dh

The effects of the parameters, G , L , and ¢ on the
propeller performance will be substantially the same as on
unducted propellers., These parameters also effect the nozzle
velocity distributior which is the subject of an analysis in
Section 1.8. The effects of the duct parameters, Kp , and be

Go are examined in Section l.5. The exponents of the
dimensions of all other parameters in terms of length, [ ,
time, T , and force, F , are:

Pb As Ap Tp Aj Ptj p.: Ayp ’erh .TS
L[ -2 2 2 0 2 -2 -2 2 2 0 |
T 0 0 0 0 0 0 0 0 0 0
F 1 0 0 1 0 1 1 0 0 1
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The base pressure, FL , is given by

R=Ag AT T AT R R A TrDn) ¢ T, (1.2-1)

Equating the exponents of the dimensions of the factors
in equation (1.2-1), and solving the resulting equations, there
results that

= As =1 Aj 9-8— A m] -
R f[ E;&’T: 5 By I (1.2-2)

where f[_:]denotes a function of As Ié s etc,
Ae o

The non-dimensional similarity parameters that affect
the base pressure are those given in the bracket of equation
(1.2-2) as well as any combination of these parameters.

It should be noted that the parameter, ﬂj)h/ﬁ , 1is
particularly 1mportant in GEM internal performance analysis.
This parameter is the ratio of the vertical projected area
over which the annular jet must provide a seal and the area of
the annular jet nozzles. As will be shown in Section 2, this
parameter provides for correlation of internal flow pressures,
thrust and power data for significantly different configurations.
For configurations which have te/p values which are small as
compared with t%/h , this parameter is equal to te/h .

1.3 DETERMINATION OF PROPELLER THRUST

Experience with rotary wing performance analysis has
shown that the rather simple combined blade element-momentum
method for determining the rotor thrust results in reasonably
accurate predictions of tre actual thrust. As will be shown
in Section 3, a similar method is also appllcable for the
propeller-in- duct configuration when operatlng in or out of
ground effect. This  method, which is presented here,
requires, however, scme empirical inputs. Two analyses are
presented, the first of which assumes the velocity at the
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propeller is uniform and the second in which it is assumed that
the velocity varies with radius.

Referring to Figure 1 and using the momentum relation-

ship,
= ] T; =
Tp +7Ts TP(Hf) J(%*zqm) dhp (1.3-1)
Ap
Solving equation (1.3-1) for %@,
[%odAp= z {T,,(|+_%)~ PCD‘MP} (1.3-2)
Ap Ap

First consider the case where the velocity is considered
constant across the propeller area, equation (1.3-2) reduces to

Ve = J? ‘*T‘ qu ) (1.3-3)

The propeller thrust coefficient is defined as
S |
T phAp(aR)® (1.3-4)

Introducing equation (1l.3-4) into equation(1l.3-3),

~

_Vf._z Qy("*'jé- P®/I£_>

From blade element considerations,
1
20y . Bpx ™ - X
ac l-x‘[( P —-P—x)d (1.3-6)

Xy
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Integrating equation (l.3-6) and sclving for Qq-,
there results

2.
C, = {—%T,}(Q)‘}B } (1.3-7)

where %L
A-.-.g_cr'{l-a-Is-P@ TP}
4 T P
3
B = _%O X“l (1.3-8)
H—("xn)

The propeller thrust coefficient, CT., can now he
determined if the quantities T;/%: and FﬁyC%L are known. As
) g

will be pointed out in Section 2, in the proximity of the
ground the ground effect is more important for the determin-

ation of T&% than is the inlet ring geometry. It follows,

?
that in ground effect it may be arsumed that the inlet ring
area and shape 1is such that the inlet ring thrust can also he
predicted by use of a mcmentum relation. Out of ground effect,
this assumpticn is not valid and the dependency of T%é} on

the inlet geometry must he deterwined In ancther manner.

Thus, in ground effect,

T.=RA T Z%LAL (1.3-9)



208A90-1

Since g %9 = —Fi
TP:AP(PO)"PL> J

it follows that

o/ < 1= (2 5)

Introducing Equation (1.3-11) into the term A from
Equation (1.3-8),

(1.3-10)

(1.3-11)

A= o ﬁ__ +he)
4 Tp Al (1.3-12)

The determination of 7}/&} is discussed in Section 1.0
and a comparison between the theory and experimental data is
presented in Section 3,

Out of ground effect the thrust coefficient is given by
Equation (1.3-7) with

(1.3-13)

Ts

where the value of <~_) is obtained as uiscussed in Section
1.6. TP =

For the case in which the radial velocity distribution
across the propeller blade, as well as propeller twist and
taper, are to be accounted for, the analysis proceeds as
described in the following.
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From annular momentum considerations

dTs +dTp = ZWRZ{PVFZ+ P(D_]xdx

(1.3-14)
Assuming that dTs = :Ié and solving Equation (13.-14) for VP
dTs Tp
dTe i
| 9% T. 2TRx_ P z
= { = l+1ls — S————
Ve {f’ 2Rk ( Te dTs G))
d X (1.3-15)

similarly to the development of Equations (1.3-9) through

(1.3-11) but with the additional assumption that . is equal
to AP
2R Fo = )= (Is_)
dTp Tp
e
d (1.3-16)

It follows that

- (22 (e -
<R X Tp/\dx (13.-17)

From blade - element analysis

dly _ _ac )[Gx‘—;{fé_x]

d x 2(1- X3 (1.3-13)
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ubstituting Equation (1.3-17) into Equation (1.3-18) and

solving for EU%L
X

aq)* z !
& () T {4 B8 —-zx\}l+—1—-aeTx
d X (I—XHQ') T‘\? av Ts/T? ag S/T?

(1.3-19)

With

C=T,+ G, X

0= 8,+ 6 X

2
der . o () x(26% )+ X (40,0 + 8% )y (zo‘+ 89f+89°‘_)
—JT Te I-X§ a /T, & Tre
|

-

x“(é—a—f—.&)—z(ﬁxw‘.xﬁ 0;2+x(<¢.o'+8“'°°°)+x @'+8[‘5°"°'°°3 +x3(88G
aTo/r, 2, T, W,

+

(1.3-20)

The integration of Equation (1.3-20) gives the thrust coefficient

with linear twist and taper.

For zero twist aud taper, the thrust coefficient is given by,
5

72.

2 LY
e . @ { KEeB80H) g o /r) ) s ()
I—Xﬁ T 34T s/ M'Ti_‘; aqT 'G/é‘.P

"j%(l+

) 2 _2_(1 + 86X )3/’-]
Ts 3

a2 arT%/TP
(1.3-21)

19



Out of Ground LEffect, Equation (l.3-15) becoues

- s e @l )}

R (1.3-22)
and CT of Equation (1.3-19) is calculated replacing

1+ (Fe

Te 2
1.4, DETERMINATION OF PROPELLER POWER

The propeller power is given by

P=Cp R’ wR* (1-%X/)

Jof e -58)- £

+(§_°+ée+§3.e")x3_] dx (L.4-2)

Assuming Vp to be voueotaut una aloo zevo twist and taper, the
power coueliicivat bacoawes,

e [ e ST -

(1.4-1)

wherao

Ce =

"X"

Xy

1-Xed (80 . & S. 8
T ‘(a*&"e*feﬂ (1.4-3)
LLare
Vo = '
s e, T+ A
R \]TTP (1 Tx%)
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For varying Vp , the power coefficient is obtained similar-
Ly tc the corresponding derivation for C; in Section 1.3., and
becomes

T BB
& ) irfe) [ (‘*’") L(irmXy) 2 2(l+m)<“)/2}

{Jx—\'? -25) ]f“ wdx

where \@// R is glven by Equatlon (1.3-22), aad m= TRFT:7;:_

To calculate the power cocificient, CEP , for vut of Sround

Effect conlitiord,.T%/ ir Lguarions (1.4-3) and (l.4-4) is
replaced by | +(E/ﬁ)m
2
1.5. DUCT LoZ3X0inddly
The ouael cfffedioicy L celines Jo Unee aczole exit air
power dividac @ Uil oalnr po. el t-\.jdpd e 100 pevcent efficient
propeller,
T, = R; A; Vi

Using tue oGue I. L2 coutinuly,, A3VJ-=APVP

Eguation (l.%-1) zaa also be writiern
v - Ry /1 .
® i/ £ (1.5-2)
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Definiag o luss factor, {%L , such that

(98]
~—

%+%®=Pj+gj+1é,_%@ (L.5-

Egratior, (L.5-1) bocones also

T

()R ()

The f£low behiund the propeller is, generally, rotational
and curbulent., “To adequate iheoretical method exists, at
present, to preuict the auet efficienscy, 4y , or the duct

loss factor, kz . It becomes necessary, therefore to resort
to empirical data, as presentced in References 1, 2, anu 3, etc.
The duct efficiencier and loss factors experienced in the

tests under the prescent program are prescnted in Section 2.

T~

1.6, EFFECT G INLET RING
By appropriate design of the inlet ring the thrust of
a propeller-duct combination exceed:s the thrust of the propeller
alone., Io the evaluation of rhe effect of the inlet ring on the
performance oI a ductel propeller, twn cases must be dJdistinguished:
d.) Operation In Cround Effect
b.) Operation Out of Ground Effect
For annular jet GEMs only Casc a.) is of interest, but
vecausce of the requirwaent for performance analyses of ducted
fans out of urounu eifect, Casze b.) will also be discussed.

l.6.1 Oparation In Cround Effect

Test data indicate that in Ground Lffect the geometry
£ the inlet ving is of seconcary importaace for the evaluation
of the thrust of a ductced propeller, as compared with the cffect

o]

of the back praessure, ﬁg . Thio implies that the mmomentum

1
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relation, Equation (1.3-11) is applicable, or

%= (%)

T Te/, As

Equation (l1.6.1-1) can also be expressed in terms of
jet parameters, and the duct loss factor,

T - (' B Pj/ﬂ;)(A%\y
Tr |+kz(|_FJ/aj>(A%\P>Z (1.6.1-2)

1.6.2 Operation Cut of Ground Effect

(1.6.1-1)

rs

Out of Grounc Effect the design of the inlet ring
strongly affects the wratio of shroud thrust to propeller

thrust,tyh . & sharper inlet 1ip results in lower valuc of
Tsﬁ} . If the shroud cross section is an airfoil, camber as
well affects the inlet performance, It was not the purpose of
this program to identify the most general inlet geometry
parameter which will result in a universal relationship with
Ts . e . . e - . - chapes of

p » 1t has beoen found, however, that for inlet shapes of
interest to GEM dcsigu, the ratio of the projected inlet ring
and hub area to the propeiler avea results in Téé data that do

P

not vary for the two _ireatly diiferent conligurations tested in
this program,

1.6.3, Analytical Determinaticn Of T?G} Out of Ground Effect

Consider the inlet pgeometry shown in Figure 2. An
incremental shroud planiorm area, dAg , is given by

dA = -R1E+%(,+MQS)J% sn8; d6d ¥ (1.6.3-1)
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Neglecting the effect of the propeller hub the shroud
thrust, Ty , is obtained as

Ts = —[Ps dA; (1.6.3-2)

As
Where Ps is the gage pressure along the shroud inlet, it is
assumed that P, varies linearly as follows

R=+,F o, (1.6.3-3)
From a momentum relationship
: = - IP—- (] - f@-— )
Ae A Ty, (1.6.3-4)

Substituting Equations (1.6.3-1), (1.6.3-3) and (1.6.3-4) into
Equation (1.6.3-2) and integrating

T - &k, (' S\ wrt V(141 %)
TP T?/A? AF (1.6.3"5)

Lso b $érgce As=4TTRL<'S/R)6+"=/R> , Equation (1.6.3-5) can
also be written as:

s o &(l—f@_.)(ﬂg _ TrR’-(r‘/Rr>

=
4,) \ Ap Ap (1.6.3-6)

For fully expanded Llow out of ground effect P@:O .

The validity of the assumption made in Equation (1.6.3-3) and
the value of kg will be discussed in Section 3.
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1.7 DETERMINATION OF BASE PRESSURE

The major analytical effort to data has been concen-
trated on the determination of the base pressure as a function
of the jet total pressure., A review of the available theories
and a comparison with experimental data is discussed in
Reference 4. The correlation of test data with theory is
also discussed in Section 3 of this report, In general, present
theories predict a base pressure that is significantly higher
than that obtained from tests.

1.8 EFFECT OF NOZZLE VELOCITY DISTRIBUTION

The previous sections discussed the performance analysis
of the propeller~-duct combination from the air intake to the
air exit nozzle. Depending on the propeller blade geometry the
exit flow velocity distribution can have various shapes., It
appeared from previous work presented in Reference 5 that the
velocity distribution which would result in a maximum base
pressure recovery corresponds to a vortex type turning of the
air flow from the jet. The basic performance problem, however,
is not only determined by base pressure recovery, but by the
total 1ift developed by both the base and the nozzles at constant
power., To obtain a qualitative underctanding of the effect of
velocity distribution on the lift to power ratio, H/¢ , the
following analysis was perlormed.

Cousidering the geometry of an annular jet nozzle as
shown in Figure 3, and assuming that the value of te//R_
J

is sufficiently small so that Rj can be taken as constant across
the nozzle,

e p 8 [ Vi

RS._% (1.8-1)
The jet pressure for any value of XZ |- te/R is
R (2
P=p R, l Yy dx (1.8-2)
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The nozzle velocity distribution is assumed to vary
linearly across the nozzle. With the notation of Figure 4

V.=V, (1 +ax) (1.8-3)

Substituting Equation (1.8-3) into Equations (1.8-1) and
(1.8-2), respectively, and integrating,

R = (aié_j V. [te/R+aE,+3“sz]

(1.8-4)
where E':'—_('_%)z: E.= ‘-(1-%)3
P_g= sz 1-X)+a(1-x* _A_‘ -x?
PR_{ ok ) ( )+3 (\ )J for x 2 l—% 065y

For the case of constant velocity across the nozzle,

vV =V& ana

+te = -
Ry, ¢ %3 WE Fn® f'\%} W (t-x)
(158-6)

The airpower for a circular annular jet is given by

P- 2’ITR} f(R +-{FV;) V, xdx

|- tC/R
substituting Equations (1.8-3) and (1.5-5) into
Equation (1.3-7) and integrating

3IDE, DE, DE, D4E(. D E
- Z V=1 t At 4 sk
P-z.TrR(Vo i——+i§_"+-—-—+—+—-—-‘: (1.3-8)

(L.8-7)
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e =R (1+ax 0.73) +Ya
= Rk, Ci+a +at+ oz )+ 3 &
D= g/ﬁi (’20\)*' Yo 0*
D,= Rk, (% %)+ &2
D= %4U 6-473)
= 1- (1 -te/r)*
Eq= 1-(1- teR)’
Ees -(-teR)"

For constant velocity distribution, Q = 0 and

P, = 2RV, [(“/Ri*i)E‘A")é %, Ea] (1.8+9)

For constant power, it follows by equating Equations
(1.8-7) and (1.8-8)

(V )3 DE"*‘D_&_&"’ EJ+D_1__j+DSES
Al =

| Eiy _
b (%s*' /1) %~ % %y Ea (1.8-10)
The vehicle lift is given by
L=L;+L,= f(P-%-/oV )JA5+ LAy (1.3-11)

The rdtlo of the 1lift of the vehicle for varying
velocity across the nozzle, L, with the vehicle lift at

1o
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constant velocity, LV“ , is given by

BsE, (BE 1 R 2t o>E,
+_.s_.z P b 2t s '2'-72-( e/R)[e/+dE.+3]

__I__= -
Ly, ( )[ (L,.) 5_ te/R Rté] (1,8~12)

where

=%, (l+a+d/z)+ )
B, = ~%&, + 24
Bs=-%%& 4 +a®
B, “'R/RJ (“973)

The variation of L/L\,A for comstant power vs,

normalized, non-dimensional slope of the velocity across the
nozzle, aVe V) , is shown in Figure 5., It is secen

that the mamnimum 1lift, for a given nozzle air power is obtained
for a constant velocity distribution across the nozzle,
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2,0 TEST RESULTS

In this section the results of the test program are
presented and discussed. Data from the literature is also
presented where applicable. The details of the test program
are listed in the Appendix., The tabular test data may be
obtained from Kellett Aircraft Corporation upon written
request., The configurations tested may be summarized as
follows:

1, Duct Configuration

a. Straight Duct, (axisymmetric, straight walled)

b. Curved Duct (90 degree angle between propeller
plane and nozzle plane)

2, Inlet Rings
a, Large Quarter Elliptic
b. 4.5 inch Semi-Circular Cross-Section
c. 1.3 inch Semi-Circular Cross-Section

This data will be compared with the theory in the next
section.

2,1 OVERALL PERFORMANCE

2.1.1 Performance as a Function of Height-Diameter Ratio

2,1,1.1 Straight Duct

The overall perfermance of the straight duct
for the tests performed with this configuration are shown in
Figure 6, in terms of the 1lift to power ratio against altitude
to diameter ratio, h/D » These tests were performed at
constant propeller disc loading,j%ﬂp . The numbers shown next
to each test points denote the ratio of the total ground board
reaction to the total base area of the duct, eVé . It is noted
that maximum power loading,‘)4@ s 1ls obtained at an th of about
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0.1l. At values of h/b lower than 0.1, the propeller stalls and
any potential gain in 54b that becomes available with decreasing
tvg is more than compensated for by the loss in propeller
efficiency due to blade stall. At very low height ( h/b = 0,03)

smoke studies have shown that there is almost zero net flow
through the duct; however, a pressure is maintained in the duct
by a recirculating f£low through the propeller. This recirculating
flow enters the propeller through the inboard portion of the
blade and escapes from the duct through the area swept by the
stalled propeller blade tips. It should be noted that the
performance at zero height is mot a trivial condition since the
static height of the nozzles can be zero for any GEM depending
on the landing gear and the terrain. However, propeller blade
stall can usually be eliminated for these conditions by reducing
the blade incidence and increasing xpm.

Examining the variations of t‘//:5 at constant
h/ 5/ e e .

D and AP it is seen that comparative performance must be
evaluated at constant Ezg . The available test dat¢ were cross
plotted and the results are shown in Figure 7 for area loadings,

H/é , of 10 and 15 psi. Calculated performance for the nozzle
inclination and nozzle thickness of the test configuration and
the performance of an annular jet with optimum nozzle angle and
nozzle thickness are also shown. The calculated performance
curves are based on the Strand theory as corrected to agree
with test data in Reference 6., An internal efficiency of 60
percent was assumed for these calculations. It may be seen in
Figure 7 that the tested performance is slightly better than
that equivalent to a 60% efficiency at h&D values less than
about 0.3. At h/b of 0.15 the apparent internal cfficiency is

about 67 percent for both of the area loadings shown, The
cested performance is also better than the calculated optimum

performance for the 545 of 10 psf at h&b from 0.22 to 0.44 for

this assumed internal efficieucy.
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2.1.1.2 Curved Duct
The overall performance of the curved duct is
shown in Figure 8., This duct is described in detail in Appendix
1; however, it should be noted at this point that this unit has
a nozzle area to total base area ratio of 0.33 as compared with
0.80 for the straight duct,
It is seen from Figure 8§ that at the same
propeller disc loading,-Tba , the curved duct produces more
P
pounds per horsepower than the straight duct at all values of
E/D below about 0.,15. However, the curved duct also produces
less H/s than the straight duct except at values of h/D less
than about 0,04. As pointed out previously, a suitable comparison
should be made only at constant T/g .
It may be observed from Figure 8 that the
performance data does not evidence propeller stall effects with
decreasing Py% of equal magnitude as was found for the straight

duct tests. This is due to the effect of the smaller nozzle to
base area of Lhe curved duct which reduces the propellsr blade

angle of attack for a given ﬁ/b . As will be shown later in

this section, propeller blade angles of attack are a function of
the blade pitch setting and the parameterTTDL><43 . Therefore,

the curved duct does not expericnce propeller blade stall until

a lower h/&) than the straight duct and at lower L”G) the increase

in performance due to ground effect masks the effect of blade stall
on performance,

It may also be noted Irom tinis figure that with
the curved duct the large quarter-elliptic inlet ring gives
slightly better periormance than the 4.3 inch inlet ring at all
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heights tested. Also the curved duct with the plenum gives
slightly poorer perrformance than the curved duct alone.

As an independent check of the test data
the data from Reference 7 is also plotted on this figure.
The data from this reference is from an axisymmetric duct
which has a propeller to jet area ratio of 0,618 anu a nozzle
to total base area ratio of 0,103, This duct alsc includes
radial stability augmenting slots in the base, This referenced
data includes the losses in one transmission between the torque
meter and the propeller. The data shown from this reference
in Figure 8 were obtained at a constant lift at a similar total

base area loading, EV% , of 10 psf as for the curved duct tests

and show a very similar pexrformance to that of the curved duct
of the present program.

2.1.2 Effect of Detail Geometrv Modifications on Performance

As uoted in the previous section the variation of
the two dependent variables Hé;and EAb with hﬁg or configuration

precludes the comparison of performance data in this form, This
difficulty does not occur if the performance data are presented
in the form of the power factor, Z . This parameter is used in
Figures 9 and 10 to show the effect the following design
modifications:

2,1.2,1 Inlet Geometry

The three inlet rings described io the
Appendix were tested on the straight and the curved ducts.
The effect of these rings on performance i1s shown in Figures
¢ and 10 for the straight and curved ducts, respectively. It
may be noted from these figures that the quarter elliptic inlet
ring gives about 5 percent better performance in the straight
duct than the 4,5 inch samicircular inlet ring. The curved
duct perflormance is almost idenlical with cither of these inlet
rings.

) The effect oLl the lowy irnlet oo the performance
of the straight duct is also shown in Figure 9. As shown by this
Jdata, the performance with the long inlet is about ten percent less
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than the short inlet at large and small VVG)' At an h/b of

0.2 the performance with either inlet length is essentially
the same.

2.1.2,2 1Internal Modifications to Curved Duct

From tuft studies it was found that the flow
in the curved duct was separated in the region of smallest

curvature of the outer wall (‘/’: 0®, 6 ‘30°) . To improve
this flow the following modifications were tried:

1.) Guide Vane

2.) Axial Streamlined Body

It was found that both of these modifications reduced performance
as shown in Figure 10. At low height the effect of the body is

small; however, at bé)of 0.20 the body reduces performance about

18 percent. The guide vane also caused about an 18 percent
reduction in performance. The above reduction in performance
were evidenced despite the fact that the tufts in the duct
seemed to indicate that the flow was improved for each of these
modifications. This apparent paradox is probably caused by the
drag losses of these objects being larger than the energy losses
due to flow separation.

2.1.3 Performance with Pitch or Roll Inclination of the
Annular Jet

2,1.3.1 Straight Duct

The effect of ground board inclination on
the performance and flow of the short duct and the short duct

with the nozzle and base extension at an h/b of 0.14 is shown

in Figure 11. The total base area loading decreases slightly
with increased ground board inclination and the power loading
remains essentially constant. The maximum change in the
power factor represented by these changes in performance is
about 10 percent of the value of Z without inclination.
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2,1.3.2 Curved Duct

The curved duct performance when inclined is
as shown in Figure 12, It may be noted that the changes in
performance are somewhat larger than were noted with the
straight duct; however, performance is significantly improved

for nose down and left side up inclinations. At an h/ﬁ) of

0.182 the maximum performance was achieved at minus seven
degrees pitch and plus seven degrees roll, and it was mnot
until these inclinations were about twelve degrees that the
performance decreased to the value without inclination,

The performance decreased at about the same magnitude as the
straight duct for nose up and left side down inclinations;
that is, about a 10 percent increase in Z , for a 12 degree
inclination.

2.1.3.2 Control Plug in Curved Duct

To provide some insight into the performance
penalties which are required for control an exploratory study
was made into the effects of two sizes of a plug inserted into
the nozzles of the curved duct. These plugs were tested at
various azimuthal positions. The effect of these plugs on
performance is as shown in Figure 13, The effect of the plugs
on the center of pressure of the annular jet is as shown in
Figure 14. From these two figures it may be concluded that
a center of pressure shift of 20 percent of the base radius
can be achieved in any direction with about a 20 percent
increase in power.

2.1.4 Overall Internal Efficiency

The internal efficiency of the test units was
measured at various ground board heights. This efficiency
was determined by measuring the velocity and total pressures
in the flow at various radial and azimuthal positions. From
these measurements the air horsepower was calculated. The
internal efficiency, in percent, is then 100 times the ratio
of the air horsepower to the input shaft horsepower.

The tests indicated that the maximum internal
efficiency with the straight duct test unit was about 78
percent and with the curved duct the maximum internal efficiency
was about 68 percent. The variation of these efficiences
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with PVﬁ) is shown in Figure 15. The reduction in performance

due to the duct turning angle was caused in part by losses due
to a flow separation in the duct and in part by the losses due
to the asymmetry of the flow through the propeller.

2.2 PROPELLER DATA

The propeller tested in the curved and straight ducts had
zero twist rectangular blades., All testing was performed at
the same pitch setting, The unit tested permitted the measure-
ment of the thrust produced by the propeller alone. The
geometry and instrumentation of this unit is described in
detail in Appendix I.

2.,2.1 Thrust

The propeller thrust coefficient data obtained for
the straight and curved duct are shown in Figure 16. It may be
seen in the figure that the propeller thrust coefficient for
the straight and curved ducts are coincident when plotted
against the GEM clearance area -o nozzle area ratio,7TZ>ﬁ/%,

J

The curved duct and the short straight duc: plenum with the large
base modificatiorn show a somewhat higher thrust coefficient,

2.2.2 Power

The propeller power required may be shown in
nondimensional form as a power coefficient. The data obtained
for the various straighc and curved duct configurations are

showm in Figure 17 plotted against TTDH/%] o While there is
some scatter in this data it appears that Lfor a given ﬁi)h/cqj

the configuration with the plenum requires a slightly larger
torque coefficient than the straight duct. The curved duct
requires a slightly smaller power coefficient than the straight
duct. Out of ground effect power coefliicient data is also shown
in this figure for the straight dJduct and the curved duct with
the plenum,

3]
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2.2.3 Flow Conditions at the Propeller

The flow conditions which produced the above
mentioned performance have been measured in detail. In
general, these conditions result from an interaction of
the propeller and the duct; however, the general flow field
and the inlet flow will be described in Section 2.3. The
flow conditions which directly affect propeller performance
are the following:

a, Magnitude and distribution of the velocity.
b. Swirl angle in the flow.

To determine the velocity at the propeller, flow
surveys were made at various distances before and after the
propeller, The data obtained for an out-of-ground-effect
condition is shown in Figure 18, with the veloclity non-
dimensionalized by the theoretical value of the velocity
for uniform inflow, The out-of-ground-effect conditions
are shown since for this case the velocity at the propeller
is largest and the velocity distribution is most pronounced.

It is seen from Figure 18 that before the propeller the
velocity distribution is uniform and the velocity ratio is
unity except for the boundary layer at the shroud and a
decrease in the flow near the centerbody. For the measure-
ments nearest to the front of the propeller (0.13 of the
propeller tip radius) the boundary layer flow occupies about

10 percent of the inlet area and the reduced flow near the
centerbody is about 90 percent of the theoretical value and
covers about 30 percent of the propeller area., Over the
remaining propeller area the velocity is uniform at the
theoretical value. Thus, the area weighted average velocity

is within ten percent of the theoretical velocity, but is

lower than predicted. The propeller changes the uniform
approach velocity to a trapezoidal velocity distribution which
of course, cannot occur discontinuously, and which is not

quite established at a distance of 0,17 of the propeller tip
radius behind the propeller. The change from a uniform flow
to the trapezoidal flow requires that there be a radial com-
ponent of the velocity. This trapezoidal velocity distribution
is probably the most nonuniform velocity which would be achieved
unless the propeller was specially desigrcd +o produce a non-
uniform velocity (with reversed twist or an inversly tapered
blade planform). This non-uniformity of the inflow velocity is
small enough to expect the assumption of uniform inflow to yield
reasonably accurate results for performance calculations for
installed propellers.
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In the curved duct the propeller also produces a
similar velocity distribution, however, the curvature produces
also an azimuthal variation on the flow through the propeller,
The dynamic pressure of the flow after the propeller at an

h/D of 0,182 and TP/AP = 16 psf are as follows:

P/R of Measurement ?co/vsnwr goscnwﬂﬂl
0.52 3.8 2.2 Sin (¥ -270°)
0.80 10.0 2.0 sin (¥ -270°)
0.92 13.1 1.9 sin (¥ -270°)

This data indicates that there is about 10 percent of the velocity
near the 75 percent blade radius.

The magnitude of the average velocity at the propeller
depends on the requirements of the annular jet as influenced by
the duct sKstem, as has been discussed previously in Section 1.8.
However, the ratio of the velocity at the propeller to the

propeller tip speed may be calculated from any of the following
relations:

S EIOAN
=Jz CT<— PL/%)'
2
4

- Vrz ¢ (Ri/TVA,)('_ PVRJ-)(AS/A )

In the test program these pressure and thrust ratios
were measured independently. Therefore, the velocity ratio at
the propeller was calculated using each of these relations and
the results are compared in Figure 19.

It maK be noted from Figure 19 that the relations
which depend on the momentum relations discussed in the
theoretical analysis result in a lower value of the velocity
at the propeller than the velocity data which was measured
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directly at the nozzles and in the inlet., It should be noted
that the propeller velocity ratio Is the same for the curved

and straight duct at the sameTTDVvk_. This gives considerable
A

support to the test data since a large number of measurements
are involved with two different test set ups.

The propeller also cause: a rotation or swirl in
the flow as a reaction to the propeller torque. Typical
swirl angle data are shown in Figure 29 four the straight
duct. This data shows that swirl angle varies with height.
This variation is of sufficient magnitude that it would be
difficult to design an anti-rotatiou vane system which
would give good performance at all heights. It should
also be noted that at low heights when the swirl angle is
large the flow is reduced so that the rotational energy loss
is always small (about 2 percent of the air horsepowerg.
This conclusion, of course, only applies to configurations
similar to those tested.

2.2.4 Propeller Efficiency

As given previously the efficiency of the propeller
is defined as:

’IZ = Tp\/p
P 550 P

This relation may also be expressad as

e () N2 (o/) (- ",)

These parameters have been measured and :he e¢fficiency calculated
with this relation is shown in Figure 21, It way be noted in
this figure that an average :ificiency of %4 pecrcent is reached

at about a TTD‘)Q. of 1.7, This efficiency for the propeller
)
is unusually high. A maximum efficiency of about J5 percent was
expected for this zero twist rectangular planform propeller.
If the value of P, was 0.9 of the measured value, M, would

be 35 percent. As is discussed in scction 2.3.2 there are also
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other reasons to suspect the pressure measurements.

2.3 DUCT PERFORMANCE

The function of the duct is to channel the flow to the
propeller taking advantage of the negative inlet pressures to
increase the flow., The duct then delivers the flow from the
propeller to the nozzles, and should in conjunction with the
propeller provide the velocity distribution which will give best
annular jet performance, To determine how well the duct performs
this function,surveys were made of the flow into the inlet in
the duct and at the nozzle exits, Typical examples of this data
are presented in this section to show the general flow field of
the test units.

2.3.1 Flow Field Data

For the straight duct out-of-ground effect, the
flow field in the vicinity of the propeller and inlet was
investigated and the data obtained are shown in Figure 22,
Upstream of the propeller the total pressure is approximately
atmospheric and therefore, the static pressure data shown
also is indicative of the dymamic pressure of the flow into
the inlet., Downstream of the propeller the static and total
pressures are increased so that the total pressure in the duct
is about 80 percent of the propeller disc loading. The statlic
pressure in the duct downstream of the propeller is slightly
negative (gage) apparentlv due to propagation of the negative
pressure induced at the posiphery of the nozzle and at the base
of the centerbody.

The effect of a change in the length of the inlet
on the inlet flow is also shown in Figure 22, At the inlet
the flow is shown to be similar for the two distances to the
propellers that were tested. However, for the case where frhe
duct inlet is close to the propeller the velocity is signi-
ficantly larger near th2 outer end of the blades. The differ-
ence in the shape of the velocity distribution shown is apparently
duec to the change in thz proximity of the inlet to the propeller.
As will be explained later, the differencz in the magnitude of the
inflow velocity in this region is apparently due to the difference
in the disc loading of these tests on inlet performance rather
than due to the effect of the inlet length.

For conditions where the nozzles are closc to the
ground, the flow is as shown in Figure 23, This figure shows
pressure data obtained at various locations in the duct. The
inlet flow data given in Figure 23 can also be compared with
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the data of Figure 22. This comparison shows that the inlet
flow pressures become a smaller fraction of the propeller disc
loading as the nozzle height is reduced. The static pressure

in the duct is shown to be fairly uniform in the region behind
the propeller to the nozzle, and varies from nearly zero gage
pressure out of ground effect, to a value slightly less than the
base pressure when the nozzle is very near the ground.

It may also be noted in Figure 23 that at h/b = 0.12

the velocity of the flow through the duct (as indicated by the
difference between the total and the static pressure datag is
almost zero near the centerbody. This indicates that the
effective nozzle thickness is less than the actual nozzle thick-
ness, Tuft studies show that the flow in this region is reversed,
apparently due to the influence of the base pressure on the flow.
The reduction of effective nozzle thickness with height may reduce
the base pressure which can be achieved for a given nozzle total
pressure and also may reduce overall performance.

Typical nozzle flow data for the curved duct are
shown in Figure 24 for N/ of 0.181. This data shows azimuthal

and radial variations in the total and static pressures at the
nozzle. As shown in the figure the nozzle static pressure is

negative at zero degrees ¥ apparently due to the effects of

the small radius of curvature of the duct in this area., This

effect causes some changes to the anmnular jet performance, as

will be discussed in a later section.

2.3.2 Duct Efficiency

The efficiency of the duct system may be determined
by measuring the total pressure of the flow at the jet, Fij ,

and the propeller disc loading, Tv%P . The ratio of these two
parameters 1is the efficiency of the duct, WID , since this ratio
is equal to the ratio of the air horsepower delivered to the
nozzles divided by the air horsepower produced by the propeller.
This is derived in the theory. The duct efficiencies of the test
units are shown by the data of Figure 25,

It is noted that the product of the duct efficiency

and the isolated propeller efficiency is the overall internal
efficiency. A comparison of the data in Figures 25, 21 and 15.
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shows fairly good agreement of ‘7£ with the product of Np and
7> , this product being about six percent less than e -

This difference is possibly due to the manner in which the data
of the total pressure was averaged. It should be noted that
the total pressure varies with the radius. For this report,

all average a: data are an area weighted average, which is the

one which should be used for determining Forces. However, for
determining air power a flow quantity weigated average should
be used. Since the flow quantity increases with B  when the

static pressure is constant a flow quantity weighted average

is larger than an area weighted value. Therefore, the data
given in Figure 25 indicates a slightly smaller duct efficiency
than the actual value.

It should Le noted in Figure 25 that duct efficiency
is reduced by duct curvature, Abour 13 percent less efficiency
was obtained for the curved duct than the straight duct. The
addition of the plenum caused a further uccrease in efficiency.
still it is noted that the efficiency of the configuration with
the plenum is unexpectedly high., Since this coufiguration con-
sisted of the straight duct, the plenum and then the curved
duct in series it is expected that the efficiency of this
combination would be the product of the elficiency of the
components. This world indicate that the efiiciency of the
plenum was 94 percent cliicient at a TTD‘a/h'Of unity. It

J

ways expected tuat the plenum efficiency would be considerably

less than this value. One reason for this large plenum efficiency
is probably due to the alignment of the straight duct exit with
the inlet of the curved duct. Also it is possible that the curved
and straight duct efficiencies benefit from this combination of
ducts and plenum.

A portion of the .data whicih: relates to uduct cfficlency
adas an appavent Jiscrepancy which csuwnot be explaianed., That is,
for numerous .Jata points with the strzight duct at all tested
heights and rfer the curved Jduct otTDh greater than unity the total

Aj

pressure behind che propelier was Jound to be less than the
total pressure at the nozzles., This cata is shiown ia Figure 26.
Although the diccrepancy is of small maguitude, it is of
significance since It was mcasured at so many points. Possible
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explanations for this dJdiscrepancy are:
1.) The rotation in the flow
2.) Unsteady flow <ffeccte near the propeller
3.) Instrumentation inaccuracies

The inlet performance und duct losses are discussed
in the following:

2.3.2.1 Inlet Performance

The inlet ring produces a thrust which is
related to an increase of wass flow in the ducts. This thrust
is caused by the negative static pressuve acting on the area
of the inlet ring.

The inlet ring surface static pressure was
messured during these tests and typical data foxr an out-of~
ground effect condition arve shown in Figure 27. For this data,
the propeller disc loading was used as a non-dirunsionulizing
parameter, The dota shows that the flow separates from the
suriacc at dan inlet ring cross-section angle, 6s , of about

33 degrees. oeparation is indicated by the peak in the curve
of surface static pressura vith inl.t angle., Toe thrust of

the dnlet ving was estimated by inteprating the measured pressures
across the inler wing and the avevape vatio of inler thirust to
propeller thruct cut=-of-grounld <f{zct ao fourd to be 0.70 fox

the specific teot configuration,

The inl:t [loir also causes @ ceauction in the
surface static precc.re on the umose ol the centertody. This
static pressure wdas measured and the trpilcal Jata oltained are
shown in Figure 22, The thruot vhich this pressurc Jdistribution
represents wd. also obtained by nuwerically integrating the
pressure, and for the out-ofi-zround effect coudition, was founda
to be abtout J.1 of the propelloy thrust, 7The cceoterbody nose
coatributiou decreascs with decreasiug nozule height and becomes

insignificant it values ot biDlCaj than 0.3,

The stradght Jduct tustl unii was also tested
out-of- round elfcct with aa increasad inlet leogth,., That is
a auct exteusioa about taree propeller rodii long wao placed
hetween the propeller and the inlet ring. static and total
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pressure measurements were made at the mid length of this
extension and the data are shown in Figure 29, and similar
inlet data measured close in front of the propeller are shown
in Figure 22,

The total pressure data shown in Figure 29
indicates that with increased disc loading the outer wall
boundary layer becomes less thick. Since the inlet loss
is the total pressure times the f£low quartity a decrease in
this boundary layer indicates improved performance. As a
consequence of the increased boundary layer the static
pressure to disc loading ratio becomes of larger magnitude
(more negative) with decreesed disc loading., From momentum
relations and Bermoulli's equation, it can be shown that:

_‘_.rs_z — uP (é—l’;)
Te T A

Since the measured 1}/%? seems to be independent of disc loading

it appears that AL/AP varies with disc loading since — PiAe
Te

is shown to vary. This effect wmay be considered as a contraction

of the flow into the inlet which appears like a separation or

a thickened inlet boundary layer. From this data AL/%? is about

.76 at T}/kp of 5 psf, and is equal to unity at T}/AP of 15.6

psf. 1t should be noted that consideration of this effect may
provide agreement of the propeller velocity ratio data shown in
Figure 19.

It may also be noted from Figure 29 that the
static pressure-disc loading ratio generally increases negatively

near the centerbody at’?ﬁ==o.s, as compared to values at .

This indicates that the velocity near the centerbody is higher
than the velocity near the outer wall boundary layer of the
duct., This effect is apparently due to the inlet since the
velocity after the propeller is larger near the outer wall,

The data shown in Figure 29 can also be used
to estimate the loss in efficiency due to inlet separation.
Since the total pressure was zero until the loss due to the
inlet, the negative total pressure near the outer wall represents
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1,

a loss of eacryy . Tuis lose e be slown Lo represent aboul
27 of the iaput horsopower al a alsce losding of 15,6 psf,

Ic way also be octed 1o Figure 26 that there
aGas nol app:zdr €0 be a cejion of nopative total pressuve near
the centerbody, This would substactiate the conclusion that
the reason for the thick bLoundary layer uwar the outer wall
is duc te tie inlet ring flow separation and not due to a boundary
layer caused by skin friction,

asvred ivlet ring tlausi cut-cf-ground
clroular cross ceclhion iulet ving is com-
ta frem the litevatuwe in Figuve 30,
s Falrly wa2ll with the Jdata frow the
further cffori to correlate the thrmist

for the 4.5 iuch .

rdLLd w1tH similar de

3ince this Jdatsa agra_'
5

literature there was no

cf the other Lnl‘t coniigurations with this cut-of-ground effect
data., As previcusly LCLcl tie other inlet rings were tested

to determiuve the elrfect of Lhe inlet ring desiga on overall

performance.

The theoretical variation of inlet ring
viuyg area is also presanted in this Elgure,
d 2

thrust with inlet
i3 action 3.

as will be o

Yhe effect of tue height of the nozules from
the ground cu thie inlet thrust is shown in Fipure 31. The
ratio of inlet thrust to propeller Lui.sit dovvedss: with
ireiyht since for a ziven propeller tliusze i Llow through
the duct decreases with the Leight, Wit o :;iugtion in the
flow into the inlez Ll static pres sure 1. the foalet locrease
and hence the tirust cootoibution gt L~u wi el ~ luklﬂdocb.

Wrhen plotted abaiust-nbbﬁ cue vatis ol Tg Lu'T ie ZGhacident
J

or the straight anu curved Joects

iy

It should be wobto: La .o Lo cudvea auee ainlet

thrust varies with the propcller acunati. an,le, ¥ o Typical
aata are shown in TFigure 32 that sucw tuls vaosaticn, when
.ntegrated chids data caw be vepoeseaulod Ly e fullewing
relation:

s = 04.5 +0./43 cos (¥-20)

[
()
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This relation was determined for the data shown for 7TDPV23 of

2.2, and would only be expected to be valid for conditions near
this point,

2.4 ANNULAR JET PERFORMANCE

The characteristics of the annular jet determines the 1lift
producing capacity of the GEM and the purpose of the previously
discussed GEM component characteristics is to provide inform-
ation on the Iinternal flov feeding the jets. The present
program was mainly concerned with the intexnal aerodynamic
problems and the greater part of the test e¢ffort was confined
to this area. Some measurements of the jet characteristics
were obtained however, and this data is presented below with
a brief discussion.

2.4,1 Base TIressure Recovery

The primary performance parameter of the usual

annular jet configuration is the ratio of the base pressure

to the total pressure of the jet. The test data for the curved
and straight duct configurations is shown in Figure 33 with
comparative test data from Reference 7 and various theoreti-
cally predicted data based on the theories from References 6, 8
and 9, It may be noted from this figure that the test data

are considerably less than the theoretical values. At

ﬂ_Dﬁyﬁj of unity the test value is only about 76 percent of

the theoretical value. The test data from Reference 7 is not
exactly comparable to the test data from this program, since
the GEM tested in this reference had inclined nozzles and had

a small nozzle width to diameter ratio,fe/b , as compared

with the straight or curved duct configurations. A comparison
was also made of this data with the appropriate theory and it
is seen that the data of Reference 7 are also about 20 percent
less than the thecoretical values.

It may be noted that the curved duct has a somewhat
lower base pressurs recovery than the straight duct. This un-
expected loss in base pressure recovery is apparently due to
the peculiar nozzle pressure distribution for this duct which
was noted previcusly.
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2.4,2 dozzle Fressure

The nozzle static pressure data for the curved and
straight ducts and the Referemce 7 data arve shown in Figure 34,
This data shows that the nozzle static pressure-uozzle total
pressure ratio reaches unity at zevo hoeight when there is no
Elow f£rom the nozzle and becomcs negative out of ground effect,
It can be shown that most of the theovies predict that the
nozzle pressure is one-half the base pressure. The nozzle
pressure data is presented as a ratio to the base pressure in
Figure 25, This figure shows that the nozzle pressure is
one-half the base pressure at only one height., At 7TI)Q/%j

values less than about three the base pressure exceeds this
theoretical value. Since as shc:m before the predicted base
pressure recovery is optimistic and the nozmle static pressure
is greater than predicted, it would be expected that amnular
jet configurations should have larger nozzle area to base area
ratios than the theoretical optimum,

2.4.3 Augmentation Ratio

This ratio is of very questionable value; however,
the test data obtained have beeu plotted in Figure 36 with
comparative data from References 7, 10, and 11. It should be
noted that the comparison of this data cammot be related to
the annular jet performance as presented in other sections of
this report.
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3,0 CORRELATION OF ANALYTICAL METHODS WITH TEST RESULIS

In this section the analyses of Section 1 is compared
with the test data of Section 2., The degree of correlation
between analysis and test data is discussed.

3.1 PROPELLER PERFORMANCE

In Sections 1.3 and 1.4 methods are presented for predicting
propeller thrust and power, respectively. PFPropecller performance
calculations have been made with the wmethod assuming constant
velocity at the propeller and also with the method in which
radial variations in the propeller inflow velocity are considered.
The calculated deta are shown with the comparative test data
in Figure 37 for propeller thrust coefficient and in Figure 38
for the propeller power coefficient., These data were calculated
assuming a constant slope of the airfoil section,5.73/radian,and
a power series drag polar with coefficients §,0£0.0087, §
0£-.0216 and §, of 0,4, These airfoil characteristics are based
on data given in References 12 and 13 for the tested 0012 Sectiom.
The calculated thrust coefficient data are not more than 10 per-
cent larger than the experimental values of all TTDLVK, values

J

larger than unity. At values of‘ﬂD%ﬁ smaller than unity the

3
calculated C, increases more rapidly with decreasing “NDVU/Ag
than Joes the experimental CT data, The reason for this
divergence of the calculated data from the experimental data
is that the propeller blade tips are stalling. This may be
shown by calculating the blade tip augle of attack, CCrp

using the followiag relation

e = e _.qll‘sT(?%%rJ |

The blade tip zngle of attack bascd on the experimental value
oif C¢ is shown in Figure 39, As shown in Reference 12 the 0012
airfoil of the testeud propeller stalls at 1l degrees at the
tested tip Mach numbers., This stall angle is in good agreement
with the test data in that 10.5 degrees tip angle of attack

are reached at TrD‘%/A, of unity. At angles of attack beyond
J

stall the measured thrust should be less than the calculated
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thrust since the calculations were made for a constant 1ift
curve slope with no consideration for stall. If it was desired
to predict the thrust coefficient for conditions with stall
the airfoil section data from a refcrence such as Reference
12 should be used together with Equation 1.3-18. The value

\) . . , . , .
of 3&LR13 then found by an iteration method using numerical
integration techniques.

It is seen from Figure 37 that for the sample calculation
point the thrust coefficient based on a radially varying iu-
flow velocity is approximately equal to that obtained using
the constant inflow velocity assumption.

The calculated propeller coefficient is compared with
experimental data in Figure 38. As shown in this figure the
propeller power coefficient calculated with a uniform propeller
velocity is about 15 percent lower than the test data
at TTDH/@, of unity. It should be noted that if the radial

)

variation of propeller velocity is considered better agreement
is obtained, the calculated data in this case is about 10
percent less than the test data.

3.2 DUCT EFFICIENCY

3.2.1 Duct Losscs

The duct loss factor has been calculated based on
the data presented in Figures 25, 31 and 34 for the curved and
straight ducts., This data is shown in Figure 40. The loss
factor is shown to approach infinity as 1TD»n/A‘ approaches

§

zero. This is caused by Fﬁ becoming equal to Ptj for zero

flow conditions, and therefore this parameter cannot be used
in this form for conditions which approach zero flow. At

larger values of ’WDh/kj the duct loss factor somewhat approaches

the value for duct friction loss given in the literature such as
References 1, 3, and 14. However, at TTDPMQ_OE 2.5 the value of
J

‘kz_is twice the value for long swmooth Jduct friction., It is

Lelieved that a large portion of this discrepancy is caused
by duct inlct losses.
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3.2.2 Inlet Ring Performance

The analysis of Jection 1.0.3 is now compared with
the test data shown in Figures 27 and 39, As shown in Figure
27 the agsunption of a linear variation of the inlet ring

pressure, Ps , with inlet angle, 95 , is good up to B¢ =
135°. For the evaluation of the inlet thrust, T.S , the
portion of the inlet of GS >125° is only of minor importauce,

2

A value for '&S = 2,25, represented in Figure 27 as the straight
line, is considered applicable, With this value of )gs , the
variation of TS/TP VS, AS/AP , using Equation 1.6.3-6, has
been computed and the result is shown in Fisure 30, The theory
is applicable up to AS/AP for which Ts/rp is equal to unity,
Beyond this As/AP, Ts/-r? should be takeu ac unity. It is seen

ilable test

)

rhat this analysic agrees reasonably well with the av
adata.
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In general, the pavamete ,~S,\M and hwu will be giveu

for the design ol the propeller and duct system, The problew
iz then te ez 51 thc detuil characteristics of propeller
and Jucts and te dete rmlne the required powcr, Thesc para-
meters camnot be establiched wntil the anuular (ot requirements
are Jdefined. Metheds for the design of tliese compononts are

Ziven in this scctiou,
4.1 ANNULAR JET PARAMETERS

The required p“opcll»" and duct pariucters Jdepeud on the
flow weguircments of the annul‘“ Jet anu tho reforc, these
parametevs must be astablished before the duct and propeller
are counsidered,

The uLterlnuthD of the nozzle flow poramcters is
nampereu by the lack of agreement of tle ex¢ut1nb theories,
As notaed in sectiou 2 the existing theories pive an iluaccurate
prediction of tha aczzle flow paramcters. To .lctermine the
accuracy of the theory of Rafeveunce & in predicting overall
periormanca, the calculatze futernal cfficicucy of the test
unlts was c¢valuated, and the resulting Jata are shown in
Figure 41, This eflficiency is determined [rom the Gest

(¢}

Jdata of Reference 6 as follows

(i) &/

ad previously iu Section 2,1 the calculated
‘iciency of the scraibnr duct coafiguration is
cent @i comparced Lo thiz eactually reasurzd 738

> axlowa cusved ducc ionternal edficiency was
ercont and was fairly constant at this value

re
1 and 0.2, From the data .hown in Figure 41,

A3 no
internal ef!
about 70 pe
percent, The e
weasured as o3 p
between hGDOL J.

)

the calculatad dinternal «f£ficicone s D2 perceat at aon Lvﬁ) of

r

J.1 and Jdecreases to 0 perceunt al on Lyb of J.2, This rather

poor correlation of test

data aud theor, resvlts irom the fact
that tue nozzle and base pre

ssuie predaiction method is inaccurate.
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The lack of agreement between theory und experimental
data is of a magnitude which makes the theoretical determination
¢l an optimur nozzle geometry of questionable value. However,
the experimental noz‘zle flow and base pressure data are given
in Figures 33 and 34 for the tested configurations which
significantly dJdiffer only in the parameter A5/S . It is

seen from these figurces that the effect of Aj/s is much

smaller than the effect of T\"DV/A_ . This data can also be used
J

to estimate the optimum value of Aj/S . This optimum can be

estimated by use of the test data together with the following
relations:

L=RA, + RA; +pAY (4.1-1)
- R _ L P ho1-
- RJAJ’]:/P“(S/A, l)+ ( R/&J)] (4.1-2)

P=— RF (4.1-3)

"lt

!

(P 3"—A J (,... P/Pt) (4.1-4)
Thu::n

L [ 7o S/AJ ’)+(2— PJ/FM’)]
P “.‘JR;(—) (- PJ‘/F’,;Qj

Equatioa (4.1-5) can be solved for the lift-power ratio for

(4.1-5)

various values of Pt.j . For this conmparison, unowever, the para-
Rielor L/S is of greater intcerest choo Ptj . Equatiou (4.1-2)
o Be Lolved Soo- P' AR DU sl Ehi. lue wav be
Cail DC LoV L 05 tJ LOY O ul\ il s Sk, . lao vaiue hlay C

schotitutad Lo Ptj in Equatiou (4.1-3). This results in the
L-\;llowinb;:

< = j X
L) o) 16
J?'/s)\/s/’h)?"(" Pi/Pti)
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The measured values of Rgﬁi, and F;é% introduced into
) J
Equation 4,1-6, and by some extrapolation a plot of the ratio
L < Reteyd I i i - . F A o 3
A&'h" is obtained as a function of AJ S for a given L/5
and for various values of h/ﬁ) . The results of these calculat-

ions are shown in Figure 42. As noted above in connection with
the data shown in Figures 33 and 34, the efifect of A'/S is

J

of a second order only., Hence, in calculating LV%*P from

Equation 4,1-6, the assumption has been made that the pressure

data is a function of iTl)h‘%j oinly. The curves shown in

Figure 42 span the practical range of Aj\s and result in

an e%q:Hg variation that is similar to that of Reference 11,
Figure 42 indicatcs that ground effect machines designed

to lhover at an h/&> of 0.2 should have nozzle area to base area

ratios as large as 40 percent,

For GEM: designed to hover at valucs ol h/b lzeo thaa 0.2
the information shown in Figure 42 indicates that a smaller A%/s
is to be used for increazcd perlosnance,
4.2  DUCT DESIGN

In the desi;n ol tie Jduect systam tne available test data
can be used [for qualitative Indorwation, but for Jetailzd
quantitative results 2 nioael Lest approach cor o vesy [lenible
prototype developnent progiai 1u warraiteud,

The design of the Juct systeam roquires consideration
or many variables, including those whicy determine oice, wolght,
neise, structurul cugg,eancss, <osh and ol wouree, purforsance,
ror cll of tuc above, but the performanc. coasidcrations,
ratihcr small inlet aund propeller areas are Jdesirable, additional
investigatioas Jave required to delerndne whether large angle
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diffusing such as discussed in Referenca 15 can be used to
provide mall propellers ana good overall performance. In
the present prog-um only constant ares ducts were investigated.

The size of tlie centerbody o b: 53” should be
letermined by weighing the effect of acrezsed ceunterbody
size on duct fwiction losses, duct weljni aad propeller
performance., In x»ne?al it lu holdleved tlat the piopeller
centeribody ¢ should be ez wuwa 3¢

~

Cicopt for wery owsll valino o cf D "lAJ tlee dulict

ring geowetry cuu significantly i.flucice performance and
therefore, this geometry should be carefully sclected., In
the design of the inlet ring,aevodynamic periformance is
a wajor parameter. This is Ubycbldll“ truc with a Jdiffusing
duct” system, For a very high performance vehicle, It is
recomuended that inlct conditions should be studied with a
podel of the Jduct systen., This model could be conmnected

the nozzles to a plenum with an exheust fau, This will pro-
vide air flow into the inlet without propeller distortionms.
Fressurc measurements should be obtaincd te indicate the
configuration with the least loaa~o. The usual scale effect
considerations sucu as ulscussad in Refercuce 1 must be

reade in determinivg the wodc l size aud wvaluating the cesults,

.

The effects of length, cusvature and duct arca will
probably bo small for CEM Juct coniligusutio . Those
pdrdm*"“s mootly Jdefin: cKiﬂ friotion losses which cause

ounly « small povtion of ihe dllll lesuvse Cuivatures which

Wy cause separation ohwuld bLe ninilaiced,

In the design ol CEM wucei. it 1o rocoviended Chat every
<ifort Le wuade Lo kecp stoate dud J“vLuuLLA._ﬁ. UuL UL e
duct.,. At the low Qeyncias duabons wiich ave eaccunteced in
GEL duci, the Jvag of thase stouts 1o vewy la:bc. I this

ard G use ol tasning or auti-cotalicn wancs Llould De
;u;_Lull evaltuntods The Jd0p loscw, Should L. studied zad
tenpared o Uhe pos-ILlropovest avicg o Lielh cielsd TaNas way
prouuca

cr

VL2 rRCPLLLIR DESIGHN

Tae followidn:, Lewcsl con l.e
it desipgn ol a propeller leo o i
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Fropcllers should be located in the duct where
uniform flow conditions are approached,

Blade twist and pitch satting should be chosen
considering both the angle of attack for

( C:D//Ceii ) minimum and the increasing angles

of attack which may be causeu by reduced operating
height. Propeller blade twist and planform should
be designed to cause uniform inflow,

Fropeller tip speed should be as small as can be
toleratad from propeller and drive cost and weight
considerations, The upper limit to propeller tip
spced is established by consideration of noise and
Jrag diveorgence due to compressibility effects,

Propeller solidity should be large enough to

produce the desired thrust, Once the propeller

size and tip speed and the nozzle flow requirements
are established, the method ci calculating propeller
performancz given in 3ection 1 should be followed,
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APPENDIX

THE TEST PROGRAM

1. SCOFE AWD PURPCSE

The purpose of the test program was to provide the
information necessary for the formulation of methods for
improved duct and propeller design, with the object of
obtaining more efficiently performing Ground Effect Machines,

2. DESCRIPTION QF TEST CONFIGURATIOWS AND INSTRUMENTATION
A, Test Conflgurations

In order to determine the effect of various parameters
affecting the performance and stability of ground effect
machines, a number of parameters were varied for tests of three
basic configurations. The test units consisted of a propeller,
inlet ring, ducting and ground board.

The propeller characteristics are jiven in Table 1.

ne grouad board was used to simulate the ground; it
consisted of a circular platform 9 feet in Giameter. In oxder
to record the lift reaction of the GEM :uct test unit, the
ground board was instrumented with three strain-gage beams.
The distance from the ground board surface plane to the base
of the test unit was variable to simulate changes in height,
The ground board could also be inclined to simulate change in
angle of pitch or roll of the test unit. Tests were performed
with distances varying Zrom 10 feet to 1/16 inch and at angles
up to 15 Jdegrees,

1.) Straight Duct Tests

straight duct tests weve performed with combinatious
of three duct saections:

(a) short streight cuce (length = 54 in.)
(b) Long inlet gduct (length = 43 im.)

(¢) dozzle extension Juct (length = 27 in.)
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Three inlet rings were tested which may be described
as follows:

(a) 1.5 inch radius semi-circular inlet ring
(b) 4.5 inch radius semi-circular inlet ring
(c) Quarter=-elliptic inlet ring

Duct Sections

(a) Short straight Duct

The short duct contained the drive unit and the
propeller, The duct inside diameter was 2.9 feet., The propeller
drive unit was contained within a cylindrical centerbody of
radius equal to 8 inches. Figure 43 presents the dimensions
of the duct.

(b) Loag Inlet Duct

In order to investigate the effects of the change
ir inlet distance from the propeller, a long inlet duct was
added to the short duct., This configuration is shown in Figure
/}.1{{..

(c) Nozzle Extension Duct

In order to investlgate the eifects of the change
in distance from the propeller to the nozzle, a nozzle extension
duct was added to the short duct. This configuration is shown
in Filgure 45.

Inlet Rings

(a) 1.5 inch JSend-Civcular Inlet Ring

This inlet ving was circular wvith: au insice
diamcter of 2.9 feat to watch the diameter of the duct system,
The inlet riug was semi-circular with a radius of curvature
of 1.5 iunch,

(b) 4.5 dnen ocemi-Sircular Ialet Aing

The construction ol thi: ring is similar to the
1.5 inch ring, except the ring radius of curvature was 4,5
inches.

43



203A90~1

(¢) yuarter Elliptic Inlet Ring

The shape of this inlet ring can be approximated
by assuming it to be a quarter of an ellipse whose equation
is,

2 2.
X 4—Jﬁ = |
28.6 $2.3

where X and Y are in inches, Figure 46 shows the geometry of
the inlet ring, and the coordinates are given in Table 2.

The short duct with the three inlet rings are
shown in Figures 47, 48, and 49,

The base of the test unit comnsisted of the
centerbody base for the straight duct system. For a series
of tests, a base of larger area was added to the existing
centerbody at the nozzle,

Geometrilc parameters of the straight duct are
given in Table 3.

2.) Curved Duct Tests

The curved duct tests were performed with the three
inlet rings as described in the straight duct section. The
duct centerbody contained the propeller and drive unit. The
curved duct inlet was located YJ degrees from the nozzle.,
Tho duct and centerbody were dealbned as circular cross-sections
of comstant flow area (5.21 sq. ft.) distributed along an

elliptical centerline, lh coordinates of the outer wall,
ceaterbody, and centerline are given in Tables 4 and 5.
Geowetric parameters of the curved duct are given in Table 3
and also in Figure 40, A general test set-up of the curved
duct with the 4.5 inch inlet ring is shown in Figure 50.

A puaber of modifications were made oo the curved
Jduct in order to iwprove the f{low ia thie uuct. In particular,
thie modifications consisted of waking the [low follow the
duct at the place where the curvature was the greatest.
(Flow separation occured at that place o the Jduct). Tnis
place corresponds co an azimuth angle ol zZero as seen on
Figure 51,

Oue riodicicatioa cousisted of auaing a guide vane

to the Jduct, logated v inches bgﬂlﬂ& the plopellgL, extending
from o= 330 e oo coW¥ o= (5 degrzas. Tue guide vane
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and had a chord equal

from the

was the same as the outer wall,

es. The vaune was placaed 3 inches radlally

1. The guilde wvane ilo shown installed in the Jduct
52,

inother modificatiouw to achieve better flow in the

the addition of a strieamlinead Loa/ to the curved duct

in place of tlie yuide wane., The unhyh of the streanlined body
was that of a syrmetrical aivicil whose chiord was placed along
the zewro azimuth live. The wariuowr body thickuess was ¢ inches
ard chz chord vas 12 inchos. Thr cpan extonded from thie
centerbody to tlie outes wall,

In ord te obtainu il olifect of placing various
objects such as LODt col vaues, structurae, fuel tanks, and

conpartue
were plac
various a
circular

3.)

the cffcc
the curve
curved du
set-up is
plenun ch

and Figure

with the

ats in the
ed in the ¢
zimuth pObl ions
with a length of

du»tb of a GEM, two sizes of control plugs
rozzle of the curved dJduct test unit at

The two control plugs werce semi-
inclics and 27 imches,raspectively,

38
n.‘
[

T

Curved bDuct Tesgts with Plenua Chamber

~ Fy

This test configuraticu consisted of the following:

(a)

short straight duct containing the propeller and
drive unit,

quar

Tlcouam orx

ter Y

(b)
(c)

clliptic fiulct ring on the short duct.

settliag chember 10 foot high, 10 feet

wide and 3 Zoet in leogth in the Jdircction of
ttc £low.
(d) Curved duct sectioa wich o 4.5 ioch Zolet ring

14

r
protrucing into the plenuwn chonber,
coufiguralioa wvas usaed to study
sreat Jistance [rom
of thic flow in the

The ploawd champer
ts orf a propeller loLade at a
d Juct seotilon, and thc 2ffect
ct without 2iffecls of the propeller. The test

shown in Figures 52 and 54, Figure 52 shows the
ambcr with the stiaeight ducet and elliptic inlet ring,
54 shows the base of the curved Juct section along
ground board,

o
WYY
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B, Inscruuweatation

Pregsure data was obtailuved at various statious through-
out the test unit. Fressure probes and rakes sensed total and
static pressure., The probes were counccted by plastic tubing
to 4 banks of multiple tube mancmeters. The precsure data was
recorded at the following locations:

(a) Inlet Ring

Static pressurco wore miasured (at four azimuth
positions) along the surface of the iulet riug.

(b) Iulet NHose Prossures

Static pressurcs wera measurcd alony the vose
surface at two azimuth positions.

(c¢) Duct Fressures

Static and total pressurzs were measured at various
azimuthal and radial positions at varicus lengths along the duct
from the propeller plane. OJurxface Juct .tuiic pressures were
measured along the duct wall and along the centerbody. During
certain tests, a calibrated pressure probe was used to obtain
data concerning the propeller swirl auagle,

(d) Base Pressur=zs

The base of tnc

e ceuterbody was instrumented to
sense azimuthal and radial var

¢
iation oi pressures.

(e) Ground Board Iressures

Ground board otatic pressures wevre vecorded at
various radial positions.

(£) Pressure Surveys

The flow pattern near the inlct and also near
the exit nozzle was studied by recording total and static
pressures at various azimuthal and radial positions.

A hot wire aneuoucter was also used to obtain
vaelocities at various stations in the duct and nozzle.
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Propeller thrust was read from a microammeter - strain-gage
combination,

Propeller torquc was read from the microammeter which was
connected througn slip rings on the propeller shaft.

Propeller rpm was read by meaas of a magnetic pickup which
sensed the passage of gears on the propeller shaft,

Double instrumentation was usad to obtain reliable data,

Propeller torque was also read by using a calibrated
hydraulic pressure gage mounted on the drive unit hydraulic
line. A stroboscope was used to obtain a double check on the
propeller rpm. The accuracy of measurement using the double
instrumentation is given in Section 5, along with examples of
independently measured test data.

The ground board had threc strain gages to sense loads.
From these loads, moments and center of pressurc could be
calculated,

3. SUMMARY OF TESTS

Tables have been prepared which present a summary of tests
performed zlong with the data recorded, test configuration
and purpose of test., These tables are dvailable upon request.
The folloving parameters were varied during the testing;
configuration, disc loading, sround board height, and ground
board tilt.

4 DISCUSSION OF TEST RESULTS

In order to cvaluate the perlovwciice aind control of
ground cffect nachines, certain parametcrs are nceded. The
2

felloving sections present methods of calculating the important
paramelLers.

The followviuy data was rveduced Irom Lhic recorded data, pro-
peller thrustT, , teval 1lift L (total ground board reaction),

propeller cpm N , and propcllers torquce Q@ .

Calculation of Internal Efficicac,, "¢
-

The intcrnal efficiency is an ifapostant measure of the
aeredynamic losoes in tha duct systen, The luternal cificiency
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is definad as the ratio of the air horsepower at the nozzle exit
to the propeller shalt input .

_ AP . Jet Air Horsepower
’qi = P Ioput Shaft Horsepower (1)

The jet alr horsepower is calculated from the
following equation:

AHP = Elj%i (F} = Volume Flow &t Exit)
£80 (2)
The actual calculation was accomplished by a numerical

integration of the product of the avea, total pressure, and
v;loc1tv over the jet annular at the nozzle., Total pressure
was obtained directly from the pressure data at the nozzle.
Velocities were calculated from the static and total pressures
using the Bernoulli equatiom.

L V"'
Ri=FR=2pY (3)
Solving for velocity

/% (R.-F) @

Using equation (4) and the diZifercntial equation form
£ (2) the cquation to be solved by numerical integration is

2
AH = ;50!\1 ( j (5)

The propeller ahukc input horsepower is calculated f{rom:

P= oa P . Q) , For the case of the tost unils
Sso 63,000
(6)

Voluiwe Flow, F( £t3/dec.)

Voluue [low is calculated by 2 nuwciical istegration of
e velocity over tie anaular duct srea. The velocitics wrez
caleulated frow equation (4). Tha deusity is correw.ed {ow
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air duct temperature,

F=VA

F= zﬂl/f Jﬁ (P % wdk B (7)

An average jet velocity ‘V used in the amalysis will
be defined as:

= F
V= J/AS o

Fower loading (L/ﬂp> is obtained by dividing total 1ift
L , by shaft horsepower W . Total base arca loading L/S
is obtained by dividing total lift by base plus nozzle area, $

Jet Monerncu

The womentum of the jet is calculated by,

= n’).VJ'
J
where m is tire mass
- 2
= pAV, Vi = \/,/.i (% -P)

A graphical iutegration of the

£low at tlhe et

mass £low and pressuves was UWsed Lo ‘aluuhaLe jet

mowmentu.,
R

T, =47/ (R,-P) rdr
9
. )
The augnontacics fector wiieh is showa dn Tigure 36 s

defined as the toitol 1ift ivided b, tuce jet womentud,
Inlet ring thrust, Tg , was obtaincd by a numerical integration
of the axial component of the static pressure times the wetted
area of the inlet ring.

Average nozzle total pressure, Fij , was obtained by a

numerical integration of the nozzle totul pressure over the
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nozzle annular uivided by the nozzle area

R
P = /znr(ﬂ;)dr
t; T Ry
This average ‘et total pressure is the parameter used

i

in Ryﬁi of Figure 33.
J

An aritlmetic average was us2ad for base pressuve R . The

variation of base pressure with angle of pitch and roll angle

for the curved duct 1 showa in Figure 12,

5. ACCURACY OF MEASUREMINTS

The accuracy of weasurcument of paraxet rs can e Jdemonstrated
by giving enciples of date in the follewing table,
Accuracy of Heasurements

Parameter { leans of Test NO1 Fercent Differen
Measurcd Measusemant 11 1z 13 41 of 'Iwo Measureme
Propeller | Microammetex 267 239 15¢ 1041 3,71 L.41 1.0 2
Torque I'vredaulic Gage| 257 2061 1A 101

Icopeller | Voltieter 3339 2203 {2500 {2350) 2,51 5,71 6.0 6
R¥M strohoscope 3900 35330 | 3030 | 2590

Iropeller torque was measured with didlerences of less chan 4
percent as shown from the tests of ti. above table, Fropeller rpm
was measured within & percent, The above tests wvepresentad a
sample of the 217 tests perforimad, but o caleulation of the
differences was not pgreater than these veported above, Tropeller
thrust neasureucot was read on a willivoltmetoer, with a scale of

44 pound per millivolt., ove to uinsteady Llow fonditiona, the
realding was accurate to + 1my or a totzl ol 3 pounds, This
represents an accuracy of 11 jercent for the 3.0 psf disc loading
and 3 percent for the 1% psf dil:zc loading.
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The accuracy of the pressure data was dependent on the
degree of steadiness of the liquid in the manowmeter tubes.
Flow conditions within the duct test unit were of a nature
that gave readings of + 0,05 inch , which represents a
Jiflerence in pressure of 4+ 0,22 psf for'ﬁﬁ» =16 psf. Flow conditions
a the duct oxnit, however, were more unsteady piving readings
of + 0.3 inch or + 1.3 psf. The nozzle prebuurc maximun and
minTuwum values werc recorded in order that a good average
value could be obtained,

A sphere type yawhead probe was used to obtain swirl
angles behind the propeller. A calibrated pressure rake
was also used to obtain swirl angle at 5 radial distunces
in the Juct, This rake was calibrated at the wind tunnecl
facility of Princeton University, The calibrations are given
in Figures 55 and 56, From Figure 56, probe indicated dynauic
pressure is essentially equal Lo the actual dynamic pressure
for angles of yaw bctwe;n + 30 degrees. since the swirl angles
for the tests performed were not above 30 degrees, therce was
no need ior the recorded pressures to be corrected f[or swirl
angle,

Oue method of determining the overall accuracy of measure-
ments consists of summing the individual componeats of the duct
turust and comparing this sum with tlie weasurcd ground board
ceaction of total 1lift, L . The individual thrusts consist
ol basce thrust ( AP, ), and jet reaction, (A;P;+ nﬁd}) .

In addition, the individual thrusts wzy be iven as Lase thrust
(A P) , siwoud thrust T , and pucpeller chrust Tp .

Figure 57 prescents the swmdation of thwe individual tuarusts
divided by the total lift for the straight duct and curved duct

Coevl conlipucations vs.‘yﬁ . Theorctically, nceglecting, friction

lossen, the sunmation of che fudividual thrusts should be cqual
"o U u toial life, Doeviaciou Drow Chis equalltsy represenl

Ui ;LLUTJLJ of micasurcacuc, .o polats ucia,, Lhe values

0. soul and pLopvll-_ ELTase w02 Lhovs to aove preater Gilfcer-
Tl Llin. h »ubOLyL’an wnlas wd ucilioy Litca teot polato

2 Uee Laov Uarust 2ud nooole Cheust., als is believed

L0 So oaul, 1o pavt o diie fact Lhat i v'lUL of shroud thrust
Ves ol wiccetl; reconded, buib was oubsaoa from e lotzsgration

0. pseseure obtained o the inlect @ ing,
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TABLE 1

PROPELLER CHARACTERISTICS

Number of Blades, b 4 Blades
Quter Radius, R 1.45 ft.

Hub Radius, RH 0.67 ft.
Blade Chord, c 3.0 inclees
Blade Pitch, ©b lo.5 degrees
Blade Twist, 07 0.0 degrees
Blade Tip to Duct Clearance, B 0.040 inches
Maximum Design Propeller

Thrust, Tp 10% 1b.
Maximum Propeller Disc

Loading, Tp/Ap 20 F3F
Flanform Rectangular
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CO-ORDINATES OF THE QUARTER ELLIPTIC INLET RING

STATION RADIAL DISTANCE FROM ¢ OF ROTATION
TO THE SURFACE OF THE INLET RING

12.00 17.4

17.36 17.4

18.37 17.7

19.33 17.9

20,26 18.2

21.20 18.54

22,02 19.10

22,76 29.83

23.35 20.59

23,79 21.51

24,00 22.38
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TABLE 3
GEM-DUCT-TEST UNIT GEOMETRIC PARAMETERS

STRAIGHT DUCT

Centerbody to Quter wall

Radius Ratio, Ry # 0.46

R
Length from Propeller Plane to
Duct Exit Plane, 53.0 inches
Duct Cross Sectional Flow
Area, Ap 5.21 square feet
##Base Area, Ap 1.39 square feet
Nozzle Exit Area, Aj 1.39 square feet
Total Base plus Jet Area, 3 6.6 square feet

# R = Propeller radius, but since tip clearance is 0,04
inches the wall radius is approximately equal to R

#% Large Base area was 3.69 square feet

CURVED DUCT

Centerbody to Quter Wall

Radius Ratio at Propeller, RY 0.46

Duct Curvature, 6 y 90 degrees

Duct Cross Sectional Flow

Area, Ap 5.21 square feet

Base Area, Ap 10.69 square feet
Total Base plus Jet Area, 3 15.9 square feet

Nozzle Outside Diameter, D 4,5 ft,
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TABLE 4

RADIUS OF SECTIONS OF THE OUTER WALL AND
THE CENTERBODY OF THE CURVED DUCT

All Sections Are Taken Along Stationh Lines.

All Sections are Circular.

The Centers of all Sections at all Stations
are located on the centerline of the
Duct Centerbody.

o

Radius of Section (inches)

__Statiou Centerbody Outer Wall of Duct

12.0 g.00 17.40
10.0 - 8.00 17.%0
8.0 8.00 17.40
6.0 8.00 17.40
4,0 8.05 17.52
2.0 8.20 17.560
0 8.60 17.65
10° 10.75 1940
20° 13.60 20,50
259 14.60 21.60
3° | 15.55 22.30
400 17.60 22.8)
50° . 19.30 £4.9)
550 f 19.99 27,30
600 | 20,30 25,70
7° 2t .50
9" 0. 3
170 22,30 2700
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TABLE 5

CO-ORDINATES OF THE ELLIPTICAL CENTER LINE OF
THE CENTERBODY OF THE CURVED DUCT

The Center of the Ellipse is at The
Intersection of Station Line 0

and Station Line 90°

Station Distance From The Center of
Line The Ellipse Measured Along
Station Lines, (Inches)
0 38.40
10° 38.50
200 38.90
30° 39.56
400 40,48
500 41,40
609 42,28
70° 43,80
80° 43,88
90° 44,10
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TABLE o

SUMMARY OF CONFIGURATIONS AND TESTs FEXFC . ™

CONF IGURAT ION 3YMBOL

Short Duct, 4.5 In. Inlet
Ring

Short Duct plus Long Inlet D Cj

Duct, 4.5 In. Inlet Ring
Short Duct, 4.5 In. Inlet
Ring

Short Duct, 4.5 In. Inlet
Ring

Shert Duct Plus Nozzle
Extension Duct, 4.5 In,
Inlet Ring

short Duct Plus Large Base
4.5 In. Inlet Riag

Short buct, 1.3 In. Inlet
Ring

short Duct Plus Long Inlet
Duct, 4.5 In. Inlet Ring

Short Duct Plus Hozzle
Extension Duct, Quarter
Elliptic Inlet Ring

short Duct, .5 In. Inlet
Ring

4,5 In, Inlet Ring
Quarter LElliptic Inlet
Ripg

Quarter Elliptic Inlet
Ring

64

PURIOSE CF TEST

Cut of
Lffect

Out of
Effect

Effect

Cround
Feriormance

Ground
Ferformance

of Disc

Loading in Ground

Bffect

Efrfect
Attack
ance

Effoct
Attack

dde

Effect

of Angle of
on Perform-

of Angle of
on Perform-

of h/D on

Performance

e ~
EJ..L_(;‘CL

oL hﬂ) on

FPerformance

Effect

of h/D on

Pevformance

Ohtain
lace

Obtrain
Jaty

Effect

Fressure

Pressure

oL hiC on

Periormance

Elfect

of h/d on

Perfomrance

LLfect

of Disc

Leading on Per-
sormance

TEST UNIT

Straight
Duct

!

Curved Duct
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SOMI IGURATION SYMBCL FURVOSE OF TEST TEsT UNIT
Quarter Elliptic Inlet * Eifect ¢ Angle of Curved Duct
Ring Actaclk on rerform-
ance

Quarter Elliptic Inlet * Eifect of Rell

Ring Angle on Tertorm-
anew

1.5 In. Inlet Ring o Effect of Modificat-
1on on Performance

Quarter Elliptic Inlet Rings @
Guide Vans Installed in Duct

4.5 In., Inlet Ring, Guide -
Vane Installed in Duct

Quarter Elliptic Ring X
Streamlined Body Installed

in Duct with Ground Board
Extension and Fillett in

Duct

4,5 In. Inlet Ring, Stream- €@

lined Body Installed in Duct Y

Quarter LElliptic Inlet Ring 4 Effect of Control

J Iin. Contiol plug Installed tiu, on Perform-

in Nozzle ance

4.5 In. Inlet Ring, 27 In. 4 E{fect of Control

Contrnl Pluyg Installed ir i'lug on Perform-

Nozzlie aQicee

PR P - e T . 'h/

Quarter Elliptic Inlct Ring 4 Lfrfect of /o on
Forfocmdnee

4,5 In. Inlet Riug > Obtain lressure *
Dixtd

4,5 I, Ivlct en Curved Duct 4 Effcci of Flenum Curvel Duct
Chamber on Yer- wita -lenum
fornmance Chamb:r

4,5 Irn, Inlet With Ground (=) L. uect of Pleuum Curveld Duct

Board side ilate Godwber on ler- with Jlepum
Lormance Chanber
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FIGLI o 1: LCTATION USED 1II° THE AIALYSIS OF THE ANNULAR JEY
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FIGURR 2: NOTATION FOR INLET GEOMETRY
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ANNULAR JET-——\
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BASE —.
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VELOCITY DISTRIEUTIGN ACRISS
ANNULAR JET

FIGURE 4: DEFINITION OF NOTATIOY



LA AN WAL THIWVATVW WY WA WMEIG L QO Ll

ALIDOTAA TIZZON Xd QALOFIAd SV LArC AVINNNY NV JO FONVIMOI¥Ad 1411

¢ G HANOId

v, - -
QAPU ‘votanqrajstg £3ToCcT5A 3T1220N 9yl IO 9dOTS TRUOTSUWE(-UON °pPazZFTemwIoN

208A90~-1

] £ < T 0 1- ‘- C- H-
[ C
% 0
L°0
+ | 7
|
,w -4 8°C
_
AT
|
w 6°0
9 \ ,./F.an\&l"
/ - -+-|!1
//! \l\\ | ~d40°'1

0127 ST 3a3pd I9angQ Y
912ZON 943 I8 LITO0T9A 9Yd €°C- = \y v

0197 sT 28pd Iauul v
9[2ZON 9yl 3B LITO0T2\ @Yl g°Z = A\wac

(Xp+/1) A =% f‘uoranqraasyq £3To07(°aA
7

:'sajop

7% ¢uoranqyaasig

Urp
Kayo019y, arisuo) Aq paurelqo 13T g papyaTa 1111 TBIOL

70



- ONIAVOT O¢1a u¥dI1d.10u1

A SR 4 74

|
)
1

_ \I 41-

! i

O

;

|

' i

P i

- . - N -
!
1
.

|

4
HOW7 LV @INISoTH .w.\ 7 HO SINIVA
FHY  SUINOT USTL NO  SHITEWNN
1

- . R B T T [ o= - - - e Y . . .
hﬁ@ L5t ; AR , !
55/ _ ! , M ~Lriod

7 INVISNOD IV SNOLIVMNOIANOD ISl I0Nd IHSIVMIS €NOIYVA J0 ZONVINOJI¥EA 9 JUNIIJ

K

<

0

(e}

‘2

Dy “orsyr YILIWYIT FTLNO FTZZON =~ LHH/IH TTZZON

07 es or 50 /0" $00° 200" S0
T T R . — - %Q

" 4 b ﬂ . |

e e P v « | s

Vo i
; _ w w ! ” t i 4
. P : . !

b o o e - - e g Cee e . + m H : 9

! , b ! : ' i ,

B | o “ ISd 0°9 = N.\\M
s s e S I 77 5350 sr00mis A8 Z

M : ” q TILVIIGNI TV SNOILYNIDIINOD .
’ o i 767 ; ~.

KO

N

o - - Pt or T ' o/
' L t
! !
| < oo
e e e -~ ‘,T ‘ + . * \\
. £/’
' ,_ 1
i | '
' ' ()
—r S froee : PO 7
] ' “ '
' . H
B i i 4 ,
o u i e £/

Y TMOSTISHON X34 Sownrod ¢ 4 7 ‘ SNITVOT ¥IMOS




AONVIE0 46 1

dIIVIAOTVD JAIILVEVAKOD HIIM IINN 1S4L IDNd IHOIVMIS J0 ADNVWHOAdEJ

208A90-1

NQ.“&NR& =
717 Py TSP
SN7d YIYY UIXF Lona =%

SeNPOS 1417 =] FHIIM

7
0705l WorLpono/nod 1s7L A0
Doy apv © KM LIP FoTINNY

SO FONUWYOSHTd TITLVTIIITVI -

020 R HLim
any oy avy 6 10 SINTVA
WONLIG RUM  L30 XYIDANY

SO FoNWY0rETd  ATLYTNITHS

RW\\QN\ 5 e\.w buya 1534

o7

Yy

«f ST
* L ,:,.;r\Hr,

CoLvy YFLZWYIG ¥FLAO TTZZON - LHSIFH TTTION

o1 £'o Z0 1o
— - - 0
T Z
- ~\Vv
. H a | h
] T
- I
+ 9
rt 4
- - “ N.\
1 fase 51 = 5
{ g
F T R N
.. / ] ! L.r ) S ] A
] - ) / — I8 5/ =/ ’
3z as )
I3 Q=Y = R o el eee—
- - - l/] Iﬂﬁll‘4 /
=N - 2\ "
a /kﬂh( Q\.\w//
/ // .,
AN L
W \
. | N\
- !“./!‘11\ -Xl F
| i \
ﬁ. ! I.-.H,/nll) l!LM.\

VIMOR IOYOH X7 SCHrce " ON1QWO7 YINCS



LTIV, TSI VOV AIOD AT TEOTLTUOLTA0D LoOu JIAYAT 12 Tonviyog¥Id ot unois
-/ -
Q\Q VoL e BB FWNIT HFLAD FTILT -LHY Fo FTITON
¥ g o il z o O 2z $C* oo,
- —_ . e
N - - _ . — - - ) : H\\. -
- o
1 . - h
. IR . - oS T O 5
. Indid A Ve B A X0 I S S
- hY
, u.SL HOV T AN s 23075 ECURN
.u&,.q S NG .Em.h NC T=3FF:707 AN
- - .- - - .. e e - A .- . o
. - - P e f
a ; ROW L mse o Wy oy z
u “ BN g2 P RLNA O0G Ty T
T T N
. ~
-~ ¢ - A aey v
A =T CwrrI T b L0 GZay AN
; I S I .. . g
[ ! hatal]
i , ;
i . . HE s - _ .
| . 1 . . .
H ' Al
' !
; .
1 " ~
. PN
- - . NN
1 . ! 4 N
” ’ F. s : i . e r
-~ >4 { ey - e N
L gse mi =Ty faniy L3NG Di1dgin7d &mﬁmqg E;\ L2NT GIAS7Z
e -+ — [ B T - - [ - »
| : .
' ' ! , 1 f B
] H i t | . |
' ! . . ; |
. | . i |
b e .- - . . - . i L
! | M | | L ry ¥
' )

g

—_ ——— e e
N X

e

-



208A90-1

. MEIRT SNG

L 4.

WYA BITM ITINA LSET 100

{
I

|

a 1491y

IS 40

HONVIWMOAYAd

"6 TENITL

) [ S R ’
. : . t ! i .
. “ : S o ﬁ :
S U S S N SR “ ] | : TR .
w S B A R R
S R SRS N N N RN A A S N S S SN PV
| : | M m L “ CoL w ! m A.T w
. ! . : N : N -4 R : - : . . i
| ! : h ! m | : W | w m , %
e | i M R ! T @
H A . : . K i [N SN SORS NS EUURURUS FUURS SRS ST M i ‘ : ool ;
TS N S N R S S B | A DU N A N
_. T ] : ! | R "
_“ P H m R AR et E el S B S m . ,
\ 4o - l R ! | I3 - 7200 ~ VU
m m M : : m m ! " !
: « S | s : h
S A S N W
S B o
m : | OMY LIING OUL(TTT ¥IAvdI~ | i I B~
_ I . ! m ” T i 4 % A0 Ll
. i ' : : ' : i > e
K m . S e e Sk EENE ST FERVE S MO SEON NOTL >~ P E S \
i ! Co : : : : : 3 \\\\\ . I S U
e v LR .
: PN SN SN NUUM RV NN RS A A el
” oMY LTTINA, FF - - .
o | ewumNLEEN | BT L]

W LTIM | §

7

|
T T
! + ! :
i . P R O SO S - RS PR S
m MO n _ . ! - \A/ .
- i T — I i : N e S e Tt ERSRR SRRatataliaasiant Sntnsast
: ; ! : ! ! . : : ! :
Vool w ; : i i S - EUUURTE SO S /..lk.m.:t‘ ONOT ; ;
; I ; : i i : : :
Lo ; ! ! | ‘ A . ;
- | : : < T ; = S e e
T m EREE 1 . ”
“ R . . . P R P B N TE TS IR ~ el
SR : S - L
. t ‘ . - 1
H N . . u . (] 1
Lo _ ....... JERESNNE SUUNESEES SO SS SO w ......... ST ST SN SN S o SUDRE SO SUNE SUPRESUIS SNNREER RN SUURESUIS SES i
] - AR R N B L
i i H ! . n 1l ;.
m . " : . : 4 : ; T
U S S S A R U0 U JO0% N U0 RO OO IOUUS SN VU0 SO S i R
i : i i ! : i mr : : ' v
f : ! | : : i ! ; ! | b
T Y] gl
FE AT P CI N ToLsAr it A s e By . e Frr. ] ¥ f



208A90-1

T ‘srgTivolanmof TendEmNz| ] | | |

M S -/ "HITA IING LSEL IOMT TN [J0; SNVAN0TEEd | 0T (7801
; i : L . ” N : X : :
M : i ! i ! : _ : ; : :
SN P ERR IR S
e A A S — :
DR B ANEREARRE |
y T : ~ : T ! H : ! '
! _ M ” : . : | :
B _W e RN e
W | P B NN T
! . e ! VOIS SR ——-ia P EENGE SIS SN SRS
ﬁ B N s e v e )
e 1 - _ ! : NS .

o | , ‘ m :

B : . AT

b YMHMRN %ww wwn%

?ih. NG..,\

LIFINF AL ATTTT QwvaSe/..:: B

!
' |
4 !
H o il
’ 1
_ : :
” i A |
. ; Do _
| i i 1 t
. ! ,‘ HT ?w\
_ - : ,
o
to
. : B ISR
: ! ,
. ) i '
. ; ; P
. . . ¢ 1
i I : m :
v - b 1 . -
. N t
i : ! | !
s . A - - -t -
“ « i ~ |
: Lo ! |

I SURUE TR DURNE O i
: |
. i A e e
u ;
e o ;
. |
: |
; -twr.-;: RS N .
IO SO R : ~ .
: e :.ga.!ﬂtt,: i S
1. . M 1
--.!T . S
! , ; A
: S v i : ]
' i | i | : :
; ; IS SN ST S
; . ﬂ _ _
+ 1 v
! } e : ! | m
i o i m m m
T e rmmemgmeene sl : :
: : I : : ; , .
” i 1 i ' ' ‘ : :
: “ | : . : ; H
B R 1 T T i v
i i ! . | 5 ; : :
) ; i : : ; : : :
W J , . . : ' ' i )
! : i : i :
SRR S S N N SO S S
| | M i :
............. ;o R i :
[ M :
: H ——— e 1.




203A90=-1

: . _ . | u | : . : q : : : P
! t i H : (. ! : . : ! . H ;- i H !
e e -t - “ - hientiandiis Sk sty Siatib it n yTTTTTTT nlml!i Tty T v ARGty S Rt ..L.A A0S SRS GG SR |
. f i | : ; : . : : ! : : oo
v 3 . R 1 . N . 1 S
mfunw T UL _E:;_uﬂ zEE 15na LEwHﬂL.m T ho TONVEOZHEd . I aHmES T : 7
R T m - P_ B A i x.+ oy N x!ml- HNRETR AU R SR R Sl SR RS S AR R *
) i ol < i ! ' , w P ! ' : .,
i T " i v 1 . ' ‘ . -
: i ! i LR AN ! : i : : : : : i : : '
) S S Y ool \zn.m.m‘_ C NOLLEMITOMY . 40 | FTORY. .. TSRS NS TN RS PO O AU FRE IO R
- : 3 : -—T1 f L) e . — ) - | T ! h . H
L ! S G- . 7 el s 4 j _, nv0 m i P ; i m
| i “ : ; m : m [ i i i ! M M ; : P
S S B S o S SR SR 3 SRS NS S QS S (NS SN P S PURT SN S N——— S S . S P AN : ;
| T I O A O O e S R I I R O
I : : : _, ! ! T ! : Hﬂ ; ! T , & r =
b — SN SRR SR NI SN SO SUURUUUNE JUUNE SV UL —ti LN DUUUETRUU SR SO FUUI SUUN UL S SE SR SRS -~ IO SO
. : “ N | : i L i i g _ ! . P
| . . H i N . ! H ) 1 { ! g ¢l - ! M iy . ‘4,
i ; : ; T : : ; 5 l* . ' : ¥ f ; o L
! w ! : ; P | » “ S Ol9/ F W] ! i M m “ m P
B S AN S SUOES SUREIUUDS SO UL OESLIUUN SUDUL IS SUNUE SN U SUUE SUUTN oe / SUURIUNTE SUUFSIUUNE SR Y~ 3 UK SUURE ST R TS S
! 4 [ i 1 B T ” m " ; :
SSSSOURS SUUUUNS N S SN N by “ v i L - ! e w ! =27 N
i P! m : ! ! ! TOTENT AT T NEREE
: S S RS S o P SRS SR SUI NUDUY SUP SRS SUESL I SUUES SUNE SN e el N N SN
m | I R I T R A A R Tt S R T I I IR IR O
S SO SO S S N : : : 7 ! ; ! g i By -
: _ . : 1 : . . :
i - I N I M + . t ! ' I— B ! ? !
. , _ W i ! !
: - T ‘ m P S SRS VR S OIINWI[Z’.. IF ..‘IZ.M.!, . .A..w T IO S N SO
i | P ; N P | N e % ! . “ - !
RN SUUUS SRR SOOI SUUESL IR SO ! B AN “ : Yo i m ! e
P g vavor o, T4 7 TR R ‘ u : Al
. I N SRS SRS SO DU SO EDUNEIENG RN S : ™ i U TR SO :
| _ i b . g “ : . | | ; i . ;
b “ [ B N A " . i : H H ¢ : w } lw.l Lt
A i 1 IR ; I ! ! i
L VRS SRS GO N OO SO 000 IOV S OUNEION UL S 3 OO SO i 3 |
. , . } H - )
C | | R SIRC, . : : ” ) ,
[ L— . w - R B 4 0 DU - N
m L R OO IO . ” : ; N A !
K ; R A B M M ,
. . v ,"; “ P ” » . . 4 4 ih‘l" v . . ——h
! _ ! : m _” -] | , KA M :
o SO (S S T N I . w: - ..T N S SN = e Lden e e : . ,
| : i ! ' | H M i ; : ;
1 _ . » 4 + A + . a “ 5, v 0 ..
T ) I : i : : 1 ; : -y T s .
S F w SRNORRE SRRSO U NN AU (OO IO SO0 LI NN O OO N SN RS : S !
SRR SN U S S N : : i SR ISP S S R B SIS AU S
_ m b ” m i “ n |
R AR IR S B beoroeee - oo SRR S batt : SEREE CRRRRRNEES B : : :
| 3 BEEEEN NS | nENE o
| ‘ : . . i : : , : : : , '
e ! U Aob VST E b U SO S SRS : ;
| i i : w : : m ! _ : : | ,
H . . . . ' N i e .
. v | I | ' . N R + 4 e
AR x U - v LB A H e kT L N ’ 1 LAY 2

76



208A90-1

| | i f
e P WJ* B A S A s N R (s HHECAE SETE 4
S S B W S0 NN TN 00 N NS N _ I
., w W {aNnoYyo DL nmzﬂszu NIHM 10Ad GIANAD WHI| 40 mngaﬁmm A0 EF
. m.. i .. w [ RO PR — : T P et B D S )
| ! ” i ! :
« S | w -
Lo e
ﬁl,il.J.I ..... !

'
PRSI
f

]+ O S SN E S S

;

| ! w

i -
L
; : H5d 0°9/

o aakvahmi 770 -
NOIAYNITIN! H3Lid -

B T I TP S
1
y-
- R — - 4 -

: ! '
¢ ' w H 1 . M :
i I . :
| ! : i i
i i . ¥ I ' I
e e el e L —— O S YU SR
LTI e



208A90-1

REEE 1 : ; ! : : !
. . M ! i . .
[EEIR S . P T o Y B R e e o T - REra s Rty —-— - AR SRARLERASS ARRRLEEEES EENELARIED REREDER IR
: ; : A &3
; . ) :
T + .
: _
i : ; : . fad
‘‘‘‘‘‘ PO S S - . - [ RS S P S S - + B i e SAARERTREE SEEEEEEREY CEEE LR . r. .
: : :

——te

!

1

i

i

|

I
1

i

1

|
124
|
!
+

+

!

+

Ho

‘‘‘‘‘‘

o

i

+

l

i

i

!

1

+

|

i
1.

t

i

¥

i

i

1
PLl&

+
PLUG

4

200

1
}
\k\
o
!
A&
i
i
his

78

]
e L—*’_ 4
GE
L1
= l’éua
1 w0 .{ :
CONFROL LG - POSITION , £, ; PEQREES

}

e R M

, =
VS TUUNS IR SO SRS NS ORI SSENS SO IO :\,x e TN I : w = 1T DU
P ! : Cfr ! |
jankdae ; R L SRSttt
4 ! \ i

7 N
. i

|
e

-
4
.
URE .13

'

¥

H

‘

.
P

‘

'

i

= QANT-(or o) C 7o

i

'

!

!
[SUSESSEE .
. ! :
T

!

R

:

j
P




e

'
P G
'

CHANGE W CENTER OF FRESSURE - RADIUS [RAT10

A P
NG

208A90-1

I
. ! |
: i ! !
D . -
N ! t
N 4
‘ j :
‘ | :
,,,,, S g

; h/D :’ C. /6’2'? :

.

i
{
[ S

iAC‘.P.)/R = f Pﬁwc} C'Fw fhu;

: ; PR ‘
SRR SR p—-— SHALL PLUG LONGITCDINAL | SHIETT ™ T

i A LARGE \PLUG LONGITIDWAL SHIFT
,,,,,, = —A~.—.:~iﬂm_“4 PLUG LATERAL SH/FZ’H SRS SR

LA -

A/?GE! PLUG, L/‘ITERAL SH/F

4
l ‘ ’
! ‘

*.. .- . e ‘,.
[ T
%

™
S, ~»L---<H-i. |

to

J . I

[ W

90 160 270
CblerOL PLUG POSITION | %, o+ DEGREES

b e e
: ,
: . |
,,,,,, :

— e et

o e - e e e s e
) . . N

b m———

. FIGURE 14: CHANGE IN CENTER OF PRESSURE OF THE ANNULAR
JET DUE TO A CONTROL PLUG IN THE NOZZLE FOR

THE CURVED DUCT.

~1
‘el

-

—— e



SNOIILVENOIANOD lond

AIANND ANV IHOIVYLIS SNOTIY¥VA J0 ADNIIOILJLA TYNYIINI TIVIIAO

Yy oy HZLFWHG 2T200 TTZZON - LHOIFH FTZZ0N

B Ce. ({H) &

s 0F oz proos gy #0 z0 o S0 o
7 ‘ T T % T T T ] J_Jakjo
;o S | R !
. i S
| | . R
i : L B
e S e e et e b - ———— 02
, b w , IR
T SN IR
i 1 : | H 1 N S .1 _
i ! : : ! h
mr A @Mﬂ “ “ ﬁJ_ LTJ* - - - {0F
- r -7 H “ % ¥
B Tkl - B \L
SHIY ITN 5 - ) Sl e m— :
] * I LTI DL 77T YT b - \
1 H V,!\J!L, Co . i ov
| T I\ <
\ \ ]
~ ] ! »*
N d ﬁ s BN
e : O _ ,
R ) ~<R M | rz& LI s
R A y Ny LI, §
_ﬁ T I aavaa s ke ﬁ 1 108
Lo | Q NIY LT S # -
—«v I FINI 9MOT]. ’ ONIY kWI;\\s\m,.\‘ _!L ~ .

WINI

HUM  LONT AIANND
LONG LHIFHLS

Lo QIANIND —— —— ———

oof

A=

AONIIDISSF

UNFOMT

[



208A90-1

R — rdrvnad so drasado beds frradons [iov fwerh |

' . 3. ; 1 .“ i
: : s NLW t —+
S T L e e 1 ST IORETN SNSRI .
7k 4 o Kt ; Oy T gF i [<F2 e orr o
: i o 7.\ ; l -
: Y T
R R SRR RS Al Rimaeaial shRETalies ERURIEREIS skl SUEES CERREEE] ERERE: : .
A , : : ; : ! L R : e
P e ’ 1 T .
i ” : : :
...... L U S o .t S SUDEESNNE N .
¢ : : .. : '
. ' ! : i 1 “ : N SN A . ..)sﬂ:
" : T ! m -3
B e e e = B e T e S o &
! : b b b ! N RO AU N IRSURS TSN N I
T — 1 T T * ” ,
, nm ; ; AL : i : Ny
‘‘‘‘‘‘‘‘‘‘‘‘‘ -1 P T e e i g
‘ : : , ! Ry
: ket ! LS B ! : N
| .5 — ! : IURSUUUS SUUEUNTS PR SU . RS & ot IX
. < ' I ! ! ”ﬂ
M mv S L s S A ul.r.ll‘-l. . _ T/v :
N ./ I — . : . : , ; , : : ~
TR T T T S S S - S e S SOUC SIS NS AT e | el ] B
X ) . : . ; P : ! : i : T @ ol ; : .
w N T A St ERE T St ey SR xwl.x:im:-. R o B SRS EERTE EE :M‘f,,.l‘ - G > i -4 IR e B
! , : : i ! b ! C RS R : : : : 3 i ” o
i | Y ' . B i N [ P N . i . . . -
- : T 7 ! i N : = i ; - A:./ ! &mmut
I : ; : ; i ! i ! : : =N D Oy
BRI i [ A A A R Hlf-i:ini ! B R DA B N B N
: ! : . : L | ! 4 | : oY : ; o
; : : T T t T ! 1 ! ~eoadkeh h |
i : ‘ i i i : } ' : '
UL B 3 LS YU SR B e i S SUUUY SUNNE SUNTE SURNE DN SUUNE SRS SNSRI T .. i
M M . ! . . X i
M “ ~ 3 ; : : ) i
' . T T 3 T T : T T . . o
: : I : : : ! o Sl Do : :
- B PR, P -F S5 : Salhs

DS SRS SN

ACH. 13 PSR Y 28
ﬂ,«.wH §\Nwﬂkw~mw : m
K2

N R 7 70

T o ,
R P R Y 7 MMKERGS; A2 —. ) . . | ;

Y LITN/ §F [ FSYS TOWT AN AN AHHBXLS UYOHS |~ = —4- : ;i

-t

k M :
o ' I '
| . ! ! : ] ! ! ! !
' . : . | . i . . X
...... ke g e - B et R R EETIER T T T e SN RNNPEN (NN U S PO U [ AUU G (R G S PO S B .
b ' ' . ’ ' H . !
: . : . : M ; i - S SUNUUNS I
T . ! ; v + ¢ 1 -
: . + . . ‘ .
. i ' . : i
i . . ’
s ———— N - “ [ RN QR SRRV S SR SIS i -
. . ) i . v ’
. . . . .
; : ! : ! : 4
. ' | | ' 1B . . :
‘ PP e B Slhaaantt
‘ i . . M
! . ‘ . . -} |
. . N . : [ !
R S PP SR cpeee et — S O PSS Sy Wunlrv.xvholt»u - T I T e P O ‘
N N . R .
i t | W + “ 1 -4
! : ! ! 1 ! I T

sTlvoee VLY M O v T R TS O A OMe BEB IACH g0 X S LA mOKe [ AT SV c L R A T

81



X I N e
. . s - - ,. — ” ..
B e W N o - . ,‘Q\ rt 'y N N .
: o e € Ly a,. I St
4 A .
. .
: :
. - VS S,
.

—Mﬂ@l : QI LA
i

! ! . . ~
SEEREEER _ 3
' ! ' Lo X
- _ b“ . _ ¢ \. v 'n..
! .
H . ' ]

* : i )

) .

. X - -4 . . i
. ‘1 . : .
o 4 . : ; n,
i : : ‘ ' e

P - . "

A RS

i

'

+
cegeean

l

!

|
——

+

i

'V

3
R e

'

R

¥

.

!

.

4

—
e

o PR « .‘ o
m v Rl
. : : :
! . { . .
- —— B SV S S P S Py
. : B : . R ‘
B ; . :
: : . | H
' - R . .
t -
i i . ! M
. : i ) . :
: i b
: R <+ - . O o [ SR
' . .
' ' 1 '
t H ]

B SR S R . .QRN anﬁ. u@\..w.v R

t WO

| w LR
,,,,, - - =g e S el T R R S SR SRELEIE 1 .
ek L LRI B A A
-l : - : : Co : : ! ;
ot b R S RN I SUL S WL N N N B

_WOE )

S 00 ON MAdYa TYOINS TEL INIEDEYIT S NT Y £ 0N CAINIEG ENOISIA QLT Z Uk N M ENOS A LT X ¢ me s N mamv



203A90-1

i . :
EO SRSNNS SN S SNSRI U

............

RS
M

PPN R

et b e e o

T
i
|
?
!

(7Y~

i
[
!

S T

VIRA T )

Y = i

710
X’
ol
o

0C 17| RA

..............

B
)

WATE : (D

WTED

PRES.

FOR @-=.b/7f RoM ! |
A - YT OFGROUD spﬁafcrj)—?g??-; =67
T L

WiRE. |
LCULATED. FRAM ;..

A R T
& TEST AolTs|

5 ol

ELOCYTY,

S SN DS piaas ot

TEST

] | : : 1 : A 1
L ﬁ a;u.a,;f.sr,.;., NN SO SO
DV ! NS S L 5 . ? LEWTS '&Bp:»

FROM T

SUUPUINSS SUSp

!

RE SURVEYS

AL LA

_FIGIRE 13:

'VELOCITIES PBEFCRE AND AFTER, THE PROPELLER 70R
THE STRAIGIIT DUCT OUT OF GROUID ,

e iea e -

RN

23

.—— e

: T z
! | A ;
S SO A t : . L N
| b Yoy . ok . ox 1 o4 . a5 N
- ‘RADIAL DISTANCE RAT/O | & ! R :
e IS ie SRR e i
;

A
|

FFE
BT

ar

!

i
|

‘
PR SR 1

—— e

]
%



108A490-~1

i | R : L w
34 ‘m.mgﬁunza sumvﬁ mmx

———— e . e e e ‘_,« e e e
: H )
! < ! ,f i
, e -
: : ! i W
e P S ISV PRSP SR N, !
! ! i . }
. Lo 4. i - PSS S \l« N
. i 1 : M ! .
ST N ORISR S S SSRSR NSRS S ! :
! ‘ T R B B B : !
) . ' ) ! ) ! :
Lo . : R L i R RS S [ SR R g 3 e Am H '
H : . : { i 4 i :
| 1 P 1 i ; I ¥ . .
N S I».,?l|..z R T S .r||o.v . — “ el - 1 oo e s -4
,ﬁ ! w ' ' N A 1 ' ; *
' . . ! . } i .
: P : N 0
. ! . ¢
. i L «
B s -1 -
! ! i . t
R . i | : ' }
- - e e .

‘ A rTIEe s %uisvw%%v AR Lo
LILi‘% Surod 4 .ﬁ%@ FVY SHPWAS
1

£ M R ,EE% | ,V\N‘,&w&,ﬂ.“

: , . 3 oY - S
SN ST t:|r! b N H,. J

dU
Jm..

E
o
B
B
e VU G S
Ts
~y

. !
A4 o
\\ \ m

i
) ‘
. i X !
. . D < ) L.\ ‘xrloq_iz:.;..w.i TR
LT -G Afﬁ mmiﬁfm% %&Gm b ETFNH HOYT - R AR i
EE& L { R i - GONETUS SUUUSURNE SOSRUE SO S
o , o w .G&uk 7 ‘ _ . o ‘
R %; IO Frard ‘ A . oF H
{1 Yy v uuéwwm@‘wﬂ i z P q “
o i . . ‘ . ! “ S .»u o ..N .......
| 1 S A : 1 [
N | — R R e S AR T SR pppee R RS TETee : ' i
i ! t1 . : !
” : : : — : B SR
d ! ! : . g ! 1 ! .
...... [N SRR SR ER e B s b IR B S R R S | w
: m : “ ! : q = : . : A PB
S SRR 400 01 U0 S0 N U O S St O 1 O I O NUUOR N SN O O B
m ” - : ,. “ e t : - e SEELSRS
i : o A 3 3 : : 3 3 :
SRS SEDTE SO SN SUS AR S o ————— IS SUSPOS SN S S PONEDEIEIS P D S e
o i : 1 : : EEE1 DEINS CORIE i ; : :
M 11l ; “ .... N : H 1 .

CrEYEbBBIML bYLEK CO C38 SO X 50 DIAIZIOMZ bEE IMCH 120 X SO0 DIAI2IOMN2 BHIALED 14 = ¢ ¥ AT TIVYEBYIAL 1ET A" wT hvREK M



208A90-1

........

..........

/~ "/‘@= .5

........

FOR ST

ﬁ.nl..r...zmﬂma

P
'

INCH 1N

.......... B oo e S O S P PR S S P S T T .w ;
W : : ; : . .
; ; - : : : -4
f : : : ” : !
d : S SRR S EESNS ! e : e _
IR S A .‘ e . ) v 0 .
o | i u M i " . _
; H ! + -
N T . i . . . H
“ | A L L Tl
T ke 7 DU Y R ch Lo
- i : ‘. : Qe
— : ' R £ uan -% -
: , : ! . ,
: : i ' ‘ i
....... el b SR S : 4 ASRUSRN S : *
L : ! . U e
+ _ - +

O

!



208A90-1

b ; , , ) .
-.Hy .. ............. I:.o,n i sT‘.vu. m : H _x,l —— Rt SET w ......
R . . i N ! L. N |
: : : ! : . i ! .
. : : : I L B o i , , {
[ R B 8 R S D S E R AR SR A R S A m.m R A N
_, ! ! C : : Ny !
\ ! [ : . _ .
i B . P CUUE DU SRS RO UURNESUNS S SO i T RN SRR Wm .
: : ‘
S “
: by : ’ 1 : . .
o A | S, B I N FO S m
N : w

T e e
i

|
SN EER ,
! ; L] : .
— : | 3+ mm o
. . . . ] . i
R 4 . S U S S S [ SRS DU TTIS DS S S S e ) .
i ! ' b [ ‘ '
! { ; ! ! ! ; ! 1 .
- e ' e | - S S S mvﬂi,t{%,x-;» .
| ! : ' : y :
SR R A ST S S I (s ot BRI IR IR P m 5 m
| 1 : W m ; ! ! Q . N
T T Lo P Eg,
- vm . . M w - - .- PR ml‘Av e L T R e - 4”1‘- - - - ” w S. “
_ : , : : : - :
ISR S ISR SO SN 1 W N N -1 00 S
! ! J ‘ . : : l " « _
m | S Iwm. —_ : : IS SO 19/4““‘-?!4.#1. Y b i
_________________ lgb b Y| KRS |
: ” W : : ” 5 ﬂ Z .
. ‘ Al _ Bl gEE L
! ; . M : i : m ,_
” . AH-D ‘xAV : IR AR ‘ w ; mﬂ m :
! . : . ] : . o D [ s
w : : ~ P W . T , Tm o
| | bl b N ‘ . P .
U SO SR : : - .
N . [ . - . .
i w “ .ﬁ w N m ,
S b Lﬁ ” m B
! : =
S N SN S SRR
: , i :
, i !
. ! ’
! i
i I !
! b 1 .
S | . .

v



; s 1
.. 31 .
P S
DAY r
VR
o s £ 2 SR
4 .. S
DT G5 5N,
. Hors
¥ ) .
" S i
RS PR
LT .kT p) A
UL Sty
v LR S
R ¢
oA .
2 YT
- .
RS S
..a - '

AEPPRNNS I

Ne/LpLoy

. - -~
IS « -y
P * - e “ 3
. . i i
FaR .
LS UL S S S
- - T
- T . ) .
- v . )
- PO S -
. . T
! : i .
- i
F e
. 1
. ' B !
. H
PR S \ P

ST ?ﬁxwm\uuﬁ

RN s

—_r -

n\bx a h\\

v

..‘W\Q..\.L\.H.
M

.
.

»
.~

-

,% gt e N e~

\\( v

5§ = &wwilw\\
ra Sﬂ &th:-w\u

CIFYNECTIS DY f 7X

C e e heee e en

' A28 /
[

LIS T2 JUIE P ENED 1

- wﬂn& #E s T w

1=7q@ 3

g

JI/E

f L5570 .
DINEETIS LWL }-

‘K‘

(460 9/ = 7 Q@ -

RN

Tz .w.m ch Lon @
CIINERIVS il



~
-

AR TR

-~
I3

o

: . . w,
: ' 1 ; T -
- R S——— D e S U S . ;
» N -
[ - - — - s o
- - .- -
1 _ . i .
. : @.@mwu %Wnuwu\@vi oL w?@ LRTNI 20 FATT CHYMNOI ANODS HiPMNIT . ST OMIT - -
B S L mw\.ﬁ.qw Y377 U N&\w LBYNI JC_ FOTF @IVAIVIZ WOy ALOAFT) L7 TA qaOKS | - o o
. Svcadie
e - e ; : e e e e e . £ t £ 3 <
. ' , . ¥/ —-t t ¢ ‘ !
VS S F L e e e
' oy ..4 T 7 ) 4 o
(454 9.9 = 10" 54 =) 6% 11T = Y . Tas e S 1
~ ' _ KAY B
\u%l&.hxn.uﬁw\i.n«\\um,hﬁtnw\\mw BE N P8/ =& . F2S
wU\N.N.. uoy O FINSSFIS TyLOL >~
(F5t 2 #r=7a " Qy=p) £v0s =¥ &= FHNCCTYL DILBLS A o /4 i
- e « Isjar Jevgs ! .. . .‘\\ b B
A L B
=, 10,
| .Qr.r* ‘ Yse +
* TTTT e e Ty LT ' N * T -
_ e L~ - \ - - : “\< . |- )
P : )
i ’ ‘~4 ‘ ¥ "
PO 1 T . s - .
. T L .\&.\' ’
¥ BT M 7 - N { o
70 FINVTS T \ Y
o r . - . PR !
' VS A " ! . ‘
| LT . I7E »
Y ’ e e hemlees - . W . 4 ﬁ - -
L. i N lw' . ' .
¢ xw...n at .\«J - W - A. ‘ . - a X kr‘, e .
i asataisr s Fal, 0= ) 110~ Ve Lonig - i i
: \kh\\ 7= 7a Q A 21c- =¥ ‘osi =g ]
M : : : . FINSTINS DLLS g e -
AR S s s -1 Hi&?mwl'«qav -,‘.,,-(‘ R mﬁ
) ’J.TIAI,\. 4
+
ot e “%T.J;.. T LA ,J“i.{, S it ‘Mw..*..v. T : T
. ' ' : . PR [
. EENC IS U PO . ou —— Samas + o
: [ ro _ T . ‘i ; )
e L :
| R i "y
SR ﬁ 4 . - : - . ! 1 N [
. ,n.n\ P . o i .N. K i S m&u,a\l
+ - R i o R T L i S SV S L —— . . e e 4 - - .
q R R N R £ i ZEEaEA S = L
s H + PRE - oA - Pl - - \ ! < \' n, s o ..hl’ 4
, . : .
I S L C Aap s T i sped) e s iy VAN ysa ~

87



ScAalL L
%k o 2 4 e £ 4o
.& L S M e
L. 0 2 4 & 8 10

PROPELLER DISC LOAD/A'S
'3 /6.0 PSF

R— 7 TR (h=1.7 wenes)
002 ! h= 94 wewes)

208A90~1

+ ke

!

{ /]STWT/C PRESSURE.

/sr'AT/c PRESSURE

+#R

‘—:; —w STRYIC PRESSLURE
b o
‘ .
i ST4TIC
P |7 PRESSURE.
) +DL. o
H %
9’5 <8 + 3 ,—-"'”-'7‘
R - e
| N Torac
P,?fs:'d/&’:‘l
!
1
2272l ‘
|
L — 4 !
i
STATIC
PRESSURE |
N
N rorag |
PRESSURE *
l TN srmrve ckesstes
LT~ _} 8
CROUL'D PRESSURE ’ { T
R 4 ~ f/’/
// / D

-

B e o L LS

f

FIGURE 7

N~
-

B N e e e e ALO

/"J( PRESSURE

TYPICAL rLOW MEASUREMENTS FOR SHORT STRAIGHT DUCT

AT TWO GROUND BOARD HEIGHTS WITH THE 4.5 INCH

INLET RING

38

FPLANE OF PRopPbLLER



208A90-1

P

K4

e el R U

73270.

.84

-
<

NEGATIYE STATIC

< S
O
Y K
- . N ¥
. S
s i :
. ’ * \w\\
R . s l\
y . AN
.— Ay 4.....

POLAR PLOT OF TOTAL AND STATIC PRESSURES AT THE ANNULAR
89

JET NOZZLE OF THE CURVED DUCT AT AN h/D OF 0,181

.
.

FIGURE 24



208A90~-1

S Rt

(INY _HEVMDDE N0 |

ALS

945

8.l

ONAT DT AL

hTAN0D - TomT %%ﬁﬁ
o

i }
i “ WHY 30 -
| S R |
| T ” i N . » “ : X
t . i i ! N ) N :
: ! T M ! M P : ” 1 « | L
R . ; ! i i . SN S . vl ; | ! ,.
. ] ! . ' - . . : ! ‘ .
| ! : 0 . P | o o ) .ﬂ - I
N CE U T S T I IO S .7 7- 5 2 L S
- ope. | ooz | q.&/\, | g7 A A il . Q
{ : — + . . 4 . I
: . _ ! : P : S , m ! : Co
M ’ H N | S .r:!l.i!w..xdfqvﬁ...vu:lw. N * m w .
. . . " R , L , S
. ' T T : MT _ ] ) = T .Tio ‘ 1 ILL,TI Tt
= < w\, S S . P ) _ i ~ ! W
A e _ WONTTY ES kiq azayml 1t
i o 4 RW--T1 - Lo ; W :
. _ ; a 7 o e e _ B Sk i Bt IR o+
| | | m y . I:J!ff. i ” _ : u
: H . m ,,,,,,, .- ”Z, . 4 .......... y..ll — —— ﬂ - ‘ . ”
*7 J< o 4 “ : I_ﬂ . IW.IQ:I _w 11!*:?? ‘ W i
| w ‘ | : ,. m : : O
[ i . m tx 1 . z S S . b . m . . ~ . ! “ m
e e x.fl»h.l%" e T T L CES SO IS P
...... , oA T TS~ i
i LoNa_qandna ! |0 1% “ |
: I O ST !
.... = “ .. = w.r IL
) . ; O : me \k\ ﬂa | i :
! ] “ T 7 R S S R
Lo e | 4 k&G«YkﬂW. h o m _ .
| . S R , M m i
} TS N ] —— (RS N N SU U S
w T m T W : _ .
o SRR RN B T
. L S . AXFZL N I R ; i i ”
_ LWM,B“W!\Q mixé\ 7 2 co L T :
LT HQmJLr.a STVRT BT FAON | L R ! :
- .ﬂ'l hanbanhahs bt s H - ITA.I DR i T L T e .!.wcA .
4 * ! ) ! : ; i .
, P m W foot — ..................... m : ; i
! p : ! ! “ : :
' " 7T : t T e e ..w.ﬁ DR e BAIRREEEE R SREER Tt
! i ! ' ! :
R R . L . w

Y
S
H

EE R - . o
AOMINIIIAST AT

........

90



08490-1

“

~

1 | ’ . “
thnsvtx':ﬂilll‘“f:' .wq.llywbwlo?hft! A
| SR SR DO N
g7 HEAOIA o

O P “
| L JoEn M |
e g T PO M VR ,” : ,
S N R B e T O VO SO S S SUUUURS SUSUESUURE DUUEESERE SO W .
: I | : L
“ U0 RUUESURRS SRS FUNOS S b i b s SEEES SUNNFSNUS SUUT NI FUUCOUUE SENURANNNE SO SUUSE SU . w :
m : ” m ; L ” “
A, i I 7 3 . N N + } — o -
I8 ' ; - : : i : :
SRS SUUTS U SEUDS JUNNS SN SSSULUNUIE EUUUE SRS SO i BN SO SR SO [SEUUNNE USSR SO h
i - i ”M”. N .
" ' . e ! i R N

CIEYSbMsI L HY R

FEwMmM i sy b OO s TOx T D Mg i e WM M R0 Y 300 D AZion2 Yom IR TIOA T 4w SOTEYREe A, b e ¥ nwr b




208A90-1

SymBorsT DLl ¥ ] 1.5 IKCH DIAMETER SEMIC/RCALAR
N Q » }4.4_ 345. C'RGP'.‘ .r:cmw /M(.E?‘ EWG
R N-Y L)
0, |4 L
B T
; ) ! z 2.25
Q@i 10.4| 45 : s :
god Bl [loel 1
A }4,7 4 R
Q. .1 | IvE
o) A2l 457
v [f2a |9 -

by
vy
R
]

R

P
RS
JN\
N
§~,

S

3
AN

N
SN
S

STATIC ARESSURE DIVIDED BY Dist LOAA
L 1 P 3

z .

P 2

<

{

-1@3'6

: - 1 ;
o] K- 100 /50
INLET RING ANGLE ,6,, DEGREES

FIGURE 27: STATIC PRESSURE ON INLET RING WITH STRAIGHT DUCT,
OUT OF GROUND EFFECT

92



208A90-1

104413 aNOo¥D A0 1IN0 ‘1dnd IHOIVYIS HIIM FSON IITINI NO HUASSTEd JDILVLS

I STRNTHT 4O ‘ TTONY FSON| AQORNIINTD | i

A A . ar . a

$QC TANOIA

Y -
~

|
1

i

-
|
'

I
!
4
|
i

o

g

®

—+
3
?

?

9
T
1T 48 QIQAM.

RINTERIS 20WLS

43



R T T T
i “ . * : M SRR A R g ISR SUUSN U e R H
ER R S S Bt ek Ty T R T ﬁ | : !
A R l~ IR I L3 . . 4 T TR ST it h . R oo - ] ” SN
U R R T i S O A B | o I
: B S i Ty T T s e 3 IR AR % B ot U mell .
S R N S T OO SN SN RS SRS AR SN £ - S
e e T T DR T D B
: m 4 j P 00 AR SN AP BSOS ¢ B : ; gL
: ] : : ' H' Coor T M ! ; ; ! <
U N SN T : S SRS S EEN I S SR LB
ru NN AR R m I - v
L P 1 S BN S0 SRS S SN SO - LI 3 - . ; ' I TS
=2 | T ; N ! | co : M g3
. : ; C . C , i ey |
T e -.r:;ir w ; ‘ B gyt e E T
i ~ SRR “ 1 : : @ | P g
3 - i _ - + - e Pt e eunbE BEals Sadesd il | asaRatit SECENEEE e : P
™ i b : ' L : : <o |
L 4 . ‘ N S - N . All.t&l‘-%& peeemone
— L X T ) ST | MR ' e
“ w Lo ” SUOES IORNR OO0t RSO (U e W BN 5
» m ‘ .;ax ‘"I T 1.%11:1. ' ol . w m > m m
i ! oo . : _ﬂl _
[ w -1 - O R e e T | REEEPEPIRS S " F.hL :
m _m ﬁ L e : ! e 3..-»! USRS SN . = o
A T T T g
SRR g R b r BH
B T : 7T A.T»J_l Tt Mm‘
; , o o i : -t i ; !
S E ~i- -\tw‘ P - ._.ﬁ.w.uy - - DI ¢ SER | ‘ "mc !
| oo I3 R : : S -2
[ . ‘e . i M u B 1 —— q#. e .+ e
B i Y 1 g
S S . DU SN SUUUE NS ' IS SRR SUUUESNN IO e . Y
oo PRSI LA | ”MM !
| o ; Y RN SO SIY .1 S
TR TR T AR
., ........ m»...ﬁl. vm? ——— ¢0M t,r;,..vvvv‘ Jl.l*ﬁ. oRRE ov;‘ -4 4vq” - “ ~ - m
O T .77 4 W WO AU VLTS N
Pl RS A ﬁ | L i
) I SRR it 134... T N - 7 - .Jrr ..... ) * ! “m !
. : : & ! ; « | :
) “ N X ) < [ R S - S
/ . I p | : :
o et - S REE HENEIE SR S : P « ;B
w : S@t@u mb\n. S FANISINA | i PR
: m - B P i * ! : !
[ RPN ST SN zl.J.-rxzs.:i B R e LU L SETTS P S - PP ;
I ”m AR I D
: w : e t It it SRR SRR
oo R m T
l«wAp& IS AR SRS SIS SSets Sndababued hoauie oot Rkt LA SO w B IR O
! . 1 L RS S ! 1 . .
1. | ! ; R i b b

CTEVBLEBiWL b¥h

EM CC

C4r 50U X SO DIAIZIONE bEK 1UCH

120 X 3NO DIAICIOWR

BBIVLED 14D 2 ¥ « A L vdne A 4F vt Yl mYREN ¥,

9.,



208A90-1

'

.

|¢I* - T 1 “‘4 ml . Vo 11m‘ ) : N o
. ” i ! 0 R : K
e s ‘ M T .zwwwt. L. SO B
. : ' B : ) o SR ETEN IEURE PO A

: - - T ! T > - Y
T KRR INEE
MR IR M a e *.. EEOE FEEDE RROES SRR ARRNERRRY mm SHNES M
; bt b T S EEE0E SRR B 3 ey o]
! _ v R i e D . M Hﬂu -3 w” : ““M“
m SRR S o DUl Sl I EEON T :WP A--'xiﬂ-'
» T RIC AR - ]
i | TN TTTTTERE T
m‘ N 43.”« m luwﬁ.._.fh. wq !.mu- . .,m-- OW,..». ,w-.m:..
‘ ce -l -1 3 I R
E ~ ” o ‘-
. B B . |.88h.
—

4
i
|

cicE : A

duar

[

!

r

-AHROUDED:

+-
\

& |-

R e

‘

!

.......

PRIV S,

PR ERS SR

L as

WATH (48 I LET - ot

| o | 7EST| DATA |FROM| REFE
VO 7EET |DAVA [FROM [STRAIEH

T RING AREA -\PROPELLER [ AREA| RATHY

: |INLET RING THRUSE

: : T ‘ m |
RS~ 0 : SR y....m-”.. a. 1 ' m '
: i ; : : m = ;
: ' ! : ~ .J.A B S S
! T ; T ) . : 4 T }
' e : . : : R : E m ” F
- - - SRS SR I St AR S i :
i : ; : : : , : ”
| : ' . . \ ! . hadl - !
} T + - . - . T 5
! ! o : ; : L ! “ : s ,.
e - : RSP A T e : fOJ, PR S S M o RERTEES
u ! " ‘ ; Lo ﬁ : u | : 2
, : . . ! e : . . ’ : ; : : - Y]
7 — v r T T T Ha ; * - f
. : : B ! | ! H 4o} ! o L. ! : R . .
, ! . ‘ ! ! ; ! ; ! o ; w ! : g
S ISP S S TS S SO S R S TPUANS i S S SN ST DUNDS SR S SR N TR v S
: . ; : , ! ! : ! : . : , ! :
i ; : : : w : : : i i , - o s ISV
: . T T t H T T T M A 1 T ,
i , { b R I N S Pt P ! = C
RS SRS SUDUE S SN NS, I RS SIS . U SURNEAUUE. -« SUNDUUE SUUNESIE . SR RSN - - S P o . . ;
P . . v . ! i . . . . v « . :
; ; ; : L : : : : : ; A C
' . . N [ . N N M
: : 4 ¢ : : . : , : : : U NSNS SN EUURIE S S
el o » . .
: : : AL L 15775 TS - VP (7K Tele (< . . ,,
. : . ‘ ¢ el : : . ' ? :
! i et ..l FUSS IS SIS SRS U S-S SIS SUNDID-SIRNS SUNI- S B e
U ) R [ A ey o ! ! : . N i ! ' H
H ol . ! i . . ‘ i ) : ! L
N : s N . W ! s . . . B s TR S s
4 » . 0 . . 4 » . ,
: .. , ; : . : ! ; :
: : : : IS SRRSO U N FOU SN
o TSR Sa A I - [ T J, 1 :
! i : ; . !
N M + .
N b [P SN SR
mCh
CTEYHEBIMAL Vit DO ToULR 4 A BEB AT 120 X Su U e ove pBoALED e T oy VOTEYELAIAL ok e Y a YR e

95



'208A90-1

SNOILVINODTIANOD IONC IHDIVHLIS @MV
QIAYND ¥0J LSAVHI ONI¥ ITNI NO IHOIIH ATZZON A0 FADNINTANI

11274 go/

Q
“

ST J¥NOId

ol 5

Siviad YLVZ

AL2na  aQIFAXID

, T ’ % o
[ | ' i
' ! + i H H i H
A “ _ . _
’ i 1 ! ) } i ! '
L e RS S S 3 S UV _ e — [
M!x* 4_ N i + : , s ia_.
(I | | i _ — | , i
L T S T A i i . ,
L _ I . = Q. ! .
— LT T e e e A R i R Y 074
| I i
i “ . _ !
; | .
! H '

2
~
™
N
3
S
N
X
Q
1 ! M 5
e e S b St I SN
SRR TR _ '
i S R ; , o)
o ” w
D S B ]
RER 2
1 i B f
N : ~
: S S e o R
. T
i i
! |- i “ ) i
. i o | i ' w
t - 0 WV S QU -1 - <
m < b : | N
i P ; | ~
S BT T T e N L ST DO '
A ” Co T 08 >
] | o | N
RN : R IR R N
el S T DU S S R T i e IS .
S L : by J o
IR I w AN 4 N
Pt ! ,, ! : b JJ*

ot

906



208A90-1

_——

..........

.. .<-.i.A.‘. "»‘“‘f ?1-4 SRS R

WIET g

'

-t e = 4

s

......

: .
L ! 1
T L IERRE w
43 P u
SRS S : . -3 N !
: | RS 05 (B «
i ) PO J
S BN IO VAl I PO _
R S 1 Ve «
! J ! ! !
RN DR [ RS H
; ! b '
w . RE .
* " — ‘
i + I
! B RS
.-
i ]

P

..... ———

TTEYBbHIML bYbFE (O

Sv T

VIEOPE hEB ATH 2 X S0 LA e 02

~

A

97



NOIXOIGTAd TVOILA LGOIl HIIA VIVd
L CIIVY ZIASTIGd TIVICL TTZZON O TYNSSTId ISvE J0 KROSTUVAWOD €€ TUADIA
(i z zoyoeonadde Z/>; usym uw\% 03 I®rlo OTIBX SIYL :2330})
\T\*n\\m ‘OT3BY BAIY BTZIC{ -~ BOJY SOURIBITY 1
9 0°¢ 0°% 0°¢ 6°¢ 20T U
g T _ Pttt
L | o
i / M — M - = - —
_W

(tz0 =Loy) UTria 2210515 / ~4

i

cﬁ
N

_
;

—] ~ |

~ | - N )
///Mﬁn ==l //O/ I x : 4.# S—_ M
—

<1
— ]~ T mo\d =9/s;)
//1 /\‘ﬁ/ ~ / m Iohd @IATID
p Tfoy| - TN N
L= b0 =/}
(/. FoNFYTIFY) Wo¥7 Viyd| LS7L S~

\

\
(7
~N Uy
1[‘// V
ﬁ. . 2 R b ToNTk235) SN
m 4 2 ..\b = /Y RYOFHL SINOP-NUNVLS — |
2 ] | |

P ﬁ . +\ 4
\ /
T . ~~ ~ N . ' o
V/ /7 ~ \ '
O£ =@ 204 | KIOTHLI GNASTLZS A
\
N
N

M I _
a I
0 =V oNimnssy (9 Fonsfyz775) AHOTHL GNVHLS.
00 = 8 WOLLIMITONT FTZZON Yo |

1 ! ' |

N D e e 2

‘craey a.anssarg TEITT



]
t

IS SUDUS-JUNUP JUNE U6 - SR S
. :
: :
.
P e s LR s S e
‘
!
:
|

& -

pzovt UH

I

.
’
S

B

: : ; ™~

A0 aIARPD .~
.\\,HT . + 14‘;'0.!\11*;4;.

P 2

y

Ty e YRR WoRy VAT 4FA.

U AP

+

1
LI
T

PSS

»
oLy TN

: ' : ; |
' ¢ ! b s . N el e . WM. ... 5 SN
- - JRNIE S s e e S e AR g
l 1 :
& . ' : t i . .
3 i . 4
-~ - - - -4 - - —+ 1 *‘. . v .
. . : : : } i : : ! : : :
e e e e i et : ! + e . .&JJ/
i . i ; : - - ; M i . :
: i . +
| DO 1. B 1o P - ¢ O 5 S } - l : f-&
: : i , 1 . ; 1 i
} : : i : : B ¥ - SO
+ T -1 v '
| S N
“t h B A L :
A N T trens kel Sl s s B e Ranir atets STE e INL SEPNPICRES SRRLLE i
. I Lt oy . '
: - . P ST S, .
v . | !
L [ S - VI & ! .
i z . 55 SUGSCIUNUE ShiSo SRR SRR S SUUNSIU00 S5SUE TN S PP | SUUPSSUIS S 4
: S SORSS S0 HREEEEE S S SR ISR SRR i '
: : SIS E - b 1
-l Y Ak

CTEVHBMIML bYBEB O i SO X SO DIAIZ.OM2 BEM MUK 120 X SOG DIAIRION? e AR v AL YMRN P, o e v mYmE N A

99



208A90-1

P B m : i : : . o

v:l SO DU *:. N L m» - 4|1'1M - I+m S S ‘W! T.-W. :”II.W;I. . M‘ ; W . “ w o

_ ] ! : i | M A T N L ! w ” | | i
. [ T I U T N O U O N O S |
v R B : w i 1 A ] A A i ' ,
b “ . ,,. ~ : i ; ; i | ; ; .

: s b e ooty —
| ; m ! . : 1 M : : : : * i !

o Ny : o u

. -Luw | SNOI B%UHM?OU L.UDQ %Hﬂm 93 mnm,ambo mmmﬁ. e

S Q,ﬁ TGRS Had DIIVIS

Nuo.qm.ﬁgﬁt

PEEEEI" oy

. DS N e W
” . , L on i ok .| “Dw.ﬁ\\u# ol | oLm . oh 3 b
t T ' . ? . : - - , a4
} 1 R i : “ . : ' 4 '
................ —— , S R S T NPONS SR m IOUNUE P N R
~ i | : |
: ! | : : T
; { | . i :
RS S S _ b .. - g SETRAE AL (L R RS
L o L m ” IR ISR NSO IO DU
., T m /1 7 W‘ . 1
. . .~ ....... L, R S . . ......
i i .
i -

N WSENS—

g

RVAR

WAHF AT

;
*

.................

b

............

‘,H..EUQQ ktw

N\\h kY

s V : ERESS " I
g NG N |
_ el T
A / ) e
oo B B .
w . /._//4. | “

~ i ” i ! !
R B e e O e B
. [ } ' : _ . i ‘
4 . ' 1 1
....... ; 4 P . - ; S S I3 e - 4
: ! . . : i ! : | ; ! {
e i e e e e [P i e - —_ A I I S S S,
i N . .'“l ' R i N H 4
| b i ~ m : , i i
; ; g - ; B !
! ! i . f ! i
m : i ! i S SO S SO L
HLb T T LT

T

@

(]
-

[N

.......



203A90-1

VIVA QIONTEIATY FATIV

7TAVAWOD HIIM VIVA OILVY NOILVI:

T s
LN Y

“9g

ﬁ OV MILINVIG NTLRO TTZZON = LWAUIN FSiT

LR

0 AR 1o S0 g o L
T T I < A T A S A _ 0
SN - ! | i R S | %
— = | AR e S * o
R s | | |
| Rikes B e | .
_ // «1 1 w : ~ Tt oz
» b “ a
“ 3 I e | 2
_ - Wk N R | o
N M _ N w ! “ * ﬂ » A ' M
| _ , P NERV Wasmsmcw . M 3
M ‘ . SN N\ |2, Ve L5z A L 2
T /7 TONTETITY ENENAN _ T
L Wodd Bl k.w..k_. ! ﬁp N /4 _ e w. met | X
. w NS N I T . PREIN
T m%/ / \M\Luha_ aFA07 T ¢? 3
i | i -
, T _
L N R D
Lo 4 | “ <
i * ! o _ g '
! 1 T iva 4sEL T TPe
i i P _ -AONT LHIVIIS
L L ] SR
IR P D N |
R INEREEEEN /o o
N b b A | ol
B | of FoNTHIZTYL_| | \4/
w | ! ssxxxxusw+mmm N PO H
g - ——— e it 4 t : -t 1 \‘Hu.lw\ - T - -4 —— -
| | | AT T o
W . | BENE _ [ j
! “ A “ ' | ! : H

LJl



208A90~1

EYUnbIL Ty

Preoobte bep 4

s mCE__

R e e m —t—% W
AR RS EEREENE RN
R NN N e B
s SRR EERERS R MR R S ret amA I SRR A YT AR R R S o P ’ .
NERERE ST TTECTT
ERENREE i R R R s | 8 b
B0 R T O R I D N B I YiE| ]
w S T TN A i B At Mt i e m
. . 2 ! . . - [N US SR
——— _— - -~ e . , g . -
” . S S A R P g :
| S e S E-| IO B
S| : al :
“ ..... m ‘‘‘‘‘‘ \\&‘ UUUS RUUREY SRR WUUNETR T ,,,,,,, % . .
B R R s S o i SR
,,,,, WW v/ R ““ o
m D ~\ 0-“7/?1\‘..% Tl.!l. RIS S
a [ R A ™ 4 ‘ N [ ” m
w (3.2 ANy & R %] F
Lo EVAE-IN | ok |
T i ' - \. J;ﬂyu T I‘tl‘r’inwN mAA.l I
] Ll NRR o - ORe
, : = AR
. 740 NI W@M o L SEEN - xmm ....... SRR
: ,“ : BN -
| m // 553 | &R
e ]/L T w - T utv.,v‘c T . .................
| R i
i ” ! _ - R
W | 4o g 5 B wm
i M Ly AT HII IO IS TTTTTTgr - M
Lol Iﬁi&, e -

.
.



208A90-1

s ! TS SROTESTRER SETTTPR
; i : ! .
! ! ‘ .. a1
.o . . :
Y = N 1
. + K] .
R ' :
S : N
RS0 SR FURPID SRR SIS
IS PR
! :

T

DO PP S
.» .
Lo
Loy -
o
.
N H
s J
PR e e e e e
'
| ;
!
. .
+
A ——— e~ »i»\ -
, |
: B )
I S, ,
b .
po ;
| ! cecmeie 4 e am
( B 1 t
. S .
. L .
'
i
N U
— B . !
. « |
'
US55 O P e £ 411 | - 50 O S O N OO L
I N :
| . .
T H : ;
| i : . !
N i ; ; ; :
o R G I A N . .
i . m.x » . ! '
. H . - S . e eenn -
1 R |
! . H
N i ! .
ne § | .
_ ! v . v
i N .
! ' .
7 . R N
: 3
. + . -
by e M .
. { .
; : .
p T N 1t H ' .
' 1SR ' S o .
t JORe p ! . : .
. 133¢ : o v : N
CrEVMLEIKL LYLEY CO €38 50 X 50 DIAIZIONZ bEW IMCH 120 X SO0 DIAI2IOW2 BEIMLIED 1M 0 2 ¥ C/ F CEYHeMIML 67 4 vl mYREN W o ox

13)



205A90-1

— _ : ,
| S | SO AN S SN NS Lo
b S i suen AR st e Ehes Rl ‘ “
| ¢ m i 1 ! !
w : 1 { ! ,. S R N A

s + IR WA NN BRI SEUn - . ol .
R Ciee b A ,,
w co Lo : Q:
- T ‘ M &
i ! . D U
» - SO S SO - i S -
| W S
- i i __ m
_ : : ; N J S, [ .
i w Qi B _
| . _ m w Al

.“‘ - +- - I“QIC‘QJ.. s - et = -1 g |l|‘v|wl"l - b G = ” s T w

: : | : A o ; n

; _ . | e N

' : i .
! . : | . N )
) R

; 4 :
: _ " 4 .
1. SR SO SIS NURS SIS PRI SEESS S
— m . m . x — .
1 1 - ‘
——— : _ m “ N d
i 4
e e e A & -
: : : Y =
v : \ : nJM !
: : : A,
T T N U N A 1\ |
[N , ) :
! : : . !
' ——t 7 “
| ; ! |
: ! ! .. 4
m _ } Q [ R : i
ENNE Saa : T - Py :

.

%

/4;
'PROPELLHR BLADE. TP ANCLE OF ATTAGK: FOR THE

CURVED AND' STRAIGHT DUGT CONF IGURAT IONS

ML VN DO

- L

i
‘
'

w |
" |
~ ]

. 1
T o oo

1

FIGURE 391

!
w,
_,
%
!

v
i

b . | | | | ,
R T e 11,-%-1%»&-«%%“%@;?3&3-.I”;;,.‘4- o ”

: N Lol S E i i
TR S SRR R o i i : m
] « | ; | i Lo S ST S
f R I ! | i | : ' ”
m ; b o T b , |
R IR B B e R
| i ' i ; : I : [ S




208A90-1

ST

m : ! :
IUUENNY SRS S IS SO R
' . : i

] i ! . . .

: ; 1 =y, ...%

! . . v v N

' . . . i i i

! . ! . : :

She. P . . i

N . i !

. . i 1

, : N 1

. b . )

! ! : .

: .

IS EUUUUY SR R H
. 1 i N

! ] :

IRUCUUURN SOOI SU b :

: : q I° '

i : 1 !
. PO SN

; :

] \

_ * ,

1 ! :

4+ VD SRS SIpE— § ——
s s
- ~

PR

Ceemracm-e

w04 [y ‘HOIOVA SS0T tob mumPIL | |
3 R N M
4 E TR T S s e
TR e b .



208A90-1

o i [ F S PSS SR CHRTTIRY TRt O
H ’ 1 S SEUUS SUDES SUNPE SRS ST DRSS 8
T TTETTYTT e
: ; : RN UETOR SO B s
H ! . . 1
—— — 'x‘i - . M
i 1 - . x-ﬁm.l, IR
m M S . tm“.(“'wm...t
1 u Vo RS SIS U 3+ el
‘. P - Cde - aye
: . vt : N
! . 1 o ; ] ’
A HEEE ! R SRR S o .
n . . - 3 W.O'Q IS SUNTN SO, ﬁb"l
i - t- R e - : - W
, . IR >
—_— : 1 t+ . = ; o
; : : 'R i L BT SO
-t : R RIS e e 1
' . M ) Fin-£ SENS D
B L s - m

*_
\EWT

.- . - .
D S S s et

..........

y...,ﬂ..v bt .. 4

TR e
t

. I}

[ S,

' ot

IR Anumnb Rt

_H.

i : . !
.
LA IPp, PV IR

i

1

1

4 )
_t.. .

i
+ { ’
b
U SRS SN0 » OUR TUU0S MOURRETTR: - LET0 SUEE: [RE00 So00 “SE1 ESAEL SERSE RUSE: : RO URIE (OIS EI0S.  BETE EUOUS SUCSY URIGE SONNR She3< SRS PORIE PRRPS SOER SRPE [ o
g ! i
N + B .
- . : .

[

:

A BUMEe BEB A

<Y X ANDO D A2IORME

i

!

BEIVLED 1w

-

"

EVYHBHIA, LB HWM

¥l Ve b oo

104



208,A90-1

— - : T " ; T
: : e e 1 : il
............ . ~ FEUESU DR URI SRRSO SUDESRS S g SSAEE W - b S PO SRS §
] o : : ’ ; : A : :
. . : RN HtE S : “
! ! : R S ! :
{ i ) SRS SO IU JUN oL .
M Ty e T : “ ; : :
L o . : 0.
' : :
Ny

g e

|

SR UGS S S S

. '
‘ .
e ramgieean e

! i { : B : .
M W ; ! T Cy m a ]ﬂ ‘ mm
i NS B | RS S B I T S SURNU SR PUURS SUNDRNUUY SRR S <
: : s 1 (&) : ! N w : . ; '
SO AT NN S TSN O AOIN N~ NN BRI 0>s /00 RS T O O
N 0T T 77T . |
; ! Vo r/L/.. W L _Irrﬁt» RSO AT I SUUDRIUNNS FUURE . . : ;AN
m m o “ P ! ] “ : -~ “ 4 1
SR S S 1[U.r,uf0.7f~:1 IR SRS 1 R SIS gy - o S e .
: : S Q¥ { m 1 S . ,. L N : -
! Tl ,Ma - [ TS SENE SN £ Sh o I : : - Bl
| . m” ; W ! i ! U I P : o ! ; | €O
Lo BN, R ST IS SN /SR SO SN S *i\L ,,,,, IR 0 L .
AR R+ R § m ) T R rHGE
. L : A P T B 1 ; g . . . mm
A N _ [ ! : | : & ; . S
: v K Ny j B . - yu i S T ‘uy : . -5 -3
- P i - My . r..nl/uuw T \ [ .m T fo.IMI. - b “ A "
SR s o & mEg
; ! AR E w AN I ol X ' : N r~
G A M £ - Lﬂ - i S IR A | -y =
D, | ! ; : ! —t
. : 4 U ¥ { Eﬁ ' I B
R S Ny Cw A R
SN ST SN N I S SO _ SN N3 SRR SO SO § g
W SR | | . ! | R
. | P el
: g €
_. i ki _ -l & . g
o AR
W
d
! N .
! N .
U R U BTOR . .
. > . ! . . v . . : .
W + : S T b .2 ® . .
. : : ' Qﬁﬁm ‘ ) ' : M ) . : : n .
. i i ' 1] . i . ! f : |
e S ety %%SQA w img. ga\teﬁgﬂ il RS T T
w S T AU S S A U Rl RIS (0 Wy i g e u N
I m W | an m I
_ .r 4 . ' N T -Js i
EEREER R 0 T T S S U P O RS
. : { X : ; ! : : :
Crivoaamu Cuvs
PYHMEBEBIMAL LYRER OO S 1 Sl bR A fras o une hi AR D AR O PR L UNCRY RS AT AN TN N .



208A90-1

o 7L

4371713d0yd 40 INVd

ONK L13INISY

AGQO8Y31IN3O

8'€s

£t9

[

0

c
® -

WITH 4

v
‘

CIGTU TR

-~y -
4.
¢ e .

-

TTRAIGIT

2ORT
I.CH L AMEL: R



"208A90-1

PPLANE OF PROPELLER

5380 —

OUTER
WALL

: / BASE

8.0R.

a?oa.J ‘
3 .
174R.
I L]
FIGURE 44: SHORT DUCT WITH LONG INLET, 4.5 INCH INLET |
OUTER WALL -, DASE
80R.
adr.|
T R.
' .
633 o 270 —f

FIGURE 45: SHORT DUCT WITH NOZZLE EXTENSION DUCT, 4.5

INCH INLET RING

109



-~ R0 - ~ 95 -{
\I1 : 150DA ’_} ;m
[ 3.1 | A : 3
: ; |
! RUR |JJ!
| i .
-- ——— - - R o 4 +; . Q I
! l
l
! B E ' T R
| |
|
L]
38«
QUARTER ELLIPTIC 15 INCH INLET
INLET RING RING
'

NOTE ALL DIME NSIONS AME IN INCHES

I PIPDIIRIEE RS BD2

PIOURE L6

P AR

eren
~
-~ N
e
¢ \
\\‘
A
A
i
.
-—
-

CURVED D
'NLE

CURVED DUCT AND I



jud 221 R -
270 R .

SN §

G ' ELUPTICAL FROM STA 0 10 STA 90°

“URVED DuCT WITH 45 INCH
MLET RNG INSTALLED

) WILLOW GROVE , P






NI

[

H

Y

L1

"

THATWULS

-

-



LI 1200 IHT WY S T¥oHY IVRRNRCE AR LD

.

DN L3N sEIdD IV HdINYR




208A90-1

ONI¥ IZTINI HONI S°% HIIM 1DNA Q3A¥ND

S0¢ JUNOI4A

134



-4 — - "ot
d“// ¢ //', ! \
‘/ \ / / i \
; b, ! VZ 3
a0’ N }0’ o -* | I SR ) /80"

/ |

270° aro®
Wf! LONNG lrﬂr _W_Ew LOOKING AT BASE
4zmgrll 4&&(:
pZ

SRR Y AR b A wnd ' FOR A GIVEN POINT
gtr -R

L]
DUCT_CURVATYRE AN6LE 6‘. AUD RADIAL _DISTANCES r4,mwd R
E. L o

a 1S ANGLE 2F pired

TN

\
.

B Is INGLE OF Pele

re \

-y

— T\ it
r-.u—c."

VIEW LOOK/NS /T /0§ VIEW . .4 _AT REAR
'G‘gg& m ‘avgz.wzrlo&

FIGE 51: DEFTVTITION OF CURVED DUCT GEOVETRIC PARAMETERS
115



208A90-1

FICURE 52: CURVED DUCT WITH GUIDE VANE TNSTALLED

L1



¥ Ay

FIGURE 53: CURVED DUCT WITH PLENUM
CHAMBER (INLET VIEW)

FIGURE 54: CURVED DUCT “ITH PLENUM
CHAMRER AND GROUND E0ARD
(RASE VIEL)

-

208A90-1



208A90-1

ud

*66 FANOIA

i

T
|

M TN

-

HDSe

..‘
! 4, o . ; : _
: , : : . :
| | H !
N H : } '
; i e T”-{:m‘ : ) T
! ‘ ' i i ! ! i i
i ; i 1 I R
. ! H . i . I i i
: A , i b i i i
e e ‘...11114?141»,!4],1!1- s S
! i i : i H
H ! ; ;
. R I R ; R TR
: : | | 1. M .
- mT —pr = e !,I«Ig_vI T
; : R SRS _ S
: _ m T
§ - _ -
» e

b

HWPNAD,

NS

‘W;

o!l!lonL. —

e L TN mm6a€AﬁN..l1J

bt

e

. avmsLm

1

e
I .

e

B e S

B N

e ————————————— e+

Y

ads



208A90-1

eﬁ hOéOHkﬁM@b .om gwﬂh

OO U S

2

P -

..mu*l.,

1
B TR

i
|

FUNSEIUL DIWHNA
5§35 DINVVAG

1

f
STV WOUDOUIY SPPUUON
H

PO S




208A90-1

‘
‘

-

—_ .‘T....- I

.
SIS SO
;
'
,
I3 ,‘
' :
i :
PR
1 .
i
1. . :
1} ‘ . +
. H . ! :
i : : ; :
................. . [UUS SUUY SUS : [OUUUT S
: : 1 ; . : m
. ; i V ! . :
; -
! . v ﬁ\e H Vo . |
' [} ! 1 t - - . B
............ FUUDS UUDUS SN SR . A RN .
. i .- T H - . '
. ' i MQ i . . .
: B : . .. 4 i
' I 11 . . . . '
! ! ' : : ; . . i
; . H 1 v . . :
[P R L S N e ee e e e e
r : M ; . : :
' . + . . . .
| H ! : :
. 1 : . |
H . 1 1 . v ‘
¥ ] R + . +
| ! . ! : . '
B R Rt Shtt stas Seey o'llﬁ:ll‘looﬁ.l - .. o e RPN o .
! i - o :
1 1 [ SR RO :
' T * T *
' .. i + .
: ! P . | :
R SR EEY S S S B ANEUSSEES SRS SESNE SUSEE SRS NS SUUNS FUUUS SN SUDUP IS SSUEDSOUNE SUUNDSPS SPPUPSNPPE SPNPPSPINY PSPPI SR ..
' : e : : :
A i ETIE S ; :
: i B IR . .
; i T ; : . .
] ; ! t ; b !
: 1 . 1 ) : :
......... B R I R R s o of*.«:ﬁfv.qwaL*.oQ. - PR TP RTET & ces e
» i Iy ) i
! ! H : !
i : W St -
T T M 1 i 1
: : i i . | A,
H ’ + v . . + .
RS ISUUS NN SN EHUUY S SUUNE PN SUUDE SUUES SOV AN SOUNS SUNIS SELS SEg SENDS SSUGE SRS TNUNE TUSUPRIESS SEESSTITES SESPEIESS SRS ST SRURRIOTES FRTTE PN ST .
A : ! ! Ty
! i 1 H U . .
. . b + L + .
IR 1 . . M .
1 Lo : H I . : .
ikt ARRASaRAbs Srabl annis SlniS St Stk RETS SRR Sy s SRR SRR :
: ; i . - ST T : '
+

(FEVHLBIWNI BYBLEM CO

C st SO X SC O1£1'210ME BEB 1ACH 120 X SON DIAI21ION2

BBIVLED AN 2 ¥ CAMTEVERSIAL

PLERC T TUAE LS TN R N ]



UNCLASSIFIE

UNCLASSIFIE




