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PART I

A. PURPCSE
A=l. Introduction

A-la. For the past six years, the design of air supported radomes
and their supporting towers has been based on the recommendations outlined
in the Design Manual for Spherical Air Supported Radomes (Ref. 1). This
Manual was prepared using the classical pressure distribution around a sphere
as a basls for the aerodynamic loading on the radome, This distribution was
modified to take into account the efféct of the baqe tower on the airflow
across the radome. The theoretlcal calculations were also correlated with
the limited amount of wind tunnel test data available in order to arrive at
reasonabls design valuess Design recommendations based on these data were

- believed to be conservative and suffitiently accurate for design purposes,

provided that recommnded raotors of safety were maintained.

A-lb. Racently, hmver, a need has arisen for radomes suitable '. f

for use in areas where wind velocities of 150 mph are likely to be encount-

ered, The forces which such winds would impose on the radome envelope and

tower are over L0% greater than those resulting from the 125 mph winds con- f
sidered maximum at the time the Mamual was prepared. More accurate data are .
thun nquired t.o :I.nsure an ocononﬂ.cal, yet adequate, atmctural deaign. "

A-lc. g If. was ded.ded that a wind tunnel program would be the op-

tinm method of obtaining tower loading and other data required for design

purposes. ‘In order to obtain maximum value fwom the program it was decided

‘that. the d‘fodt of the rollowing parameters shuuld be investigateds

2 Intﬁml inflation pressure
Lnglu attack (simulating a hilltop installation with
"wind sweeping up over the radome)
(h) Roynom' number (to determins, if posaible, variation
~ in lift or drag coeffioient with Rey-
nolds' number)

o §1§ Wind speed (up to 200 mph)

A-2. Problem Breakdown

A-2a. Design and Fadbrication of Wind Tunnel Modeli A 1/2L-scale
wind tunnel model was designed and fabricated, using a light weight two-ply,
45° bias construoted necprens coated mylon envelope and a rigid plywood tower
having a shape similar to the AN/FPS-6 arctic tower. The radome envelope was:
attached to a base angle, instrumented so that shear and tension loads acting
on the towsr could be measured, Pressure taps were installed in the radome
envelope and tower so that pressure data could be obtained. Provision was
mada for ocontroliing inflation pressurs inside the redoma., A more detailed
deroription of the model is given in Part C of this report.




A-2b. Wind Tunnel Tests: The model was instailed in lic Comicll ¥
Aeronautical Laboratory twelve foot variable density wind tunnel. All pres-
sure and electrical lines were connected and checked out. F:l.ve wind tunnel
runs were made as followss

(1) Tower level, 1/2 atmosphere, velocity 50-200 miles per hour
(2) Tower level, 1 atmosphere, velocity 50-200 miles per hour
(3) Tower tilted 15 degrees, 1 atmosphere, velocity 50-200 miles

: . . _ per hour
(4) Tower tilted 30 degrees, 1 atmospnere, velocit’y 50-200 miles

| ' per hour
| .( 5) Tower level, :-1/2 atmospheres, s velocity 50-175 miles per hour

S L-2c. cglcu]ation of Data and Final Report: Following the wind
o ,tumal toata 4% was necessary to reduce the test data to a form suitable '
IR comparison ond proomtation.‘ This work included the calculation of strain
- gage loads, pressure coefficients, tunnel parameters, plotting of pressure
.. data, calculation of thsoretical loads to compare with strain gage data, etc
‘ m ‘Tesults of theso calcuhtions ‘are presented in Section C of thia report.

- onnm FACTUAL mn
Bol. | :tdcntm«uﬁeu of Technicians

: 'l'ho tollowin& Mﬂd\mh were the mjor technical contributors to
thin progm. From time to time other engineers spent small amounts of timo
"'on the project, but these are not included below. Also not identified are
. 2. 'the slsctronic and mechanical technicians and shop personnel whoao work m

{gdono undor tho mparvisi.on of the listed personnel. o

Bixd, K. D,
. Vi .P.I., 3.8. 1n Mronmtical Enginoering
. 1946-19L7 Bngineer, Aircraft laboratory, Wright Fed
7 1947-1951  Bugineer, Applied Fhysics lab., Johns Hopkins Univ.
0 1951-Pres. Head, Operating Section, Wind Tunnel Dep‘b., Cornsll
. Aeronautical Laboratory |
o !aurs on this program - 9

2. Bird, v

M.I.T., B.B. 1n Asyonautiocal Engineering
M.I.T., Pellow in Business and Engineering Administration
19341939, Bngineer, Pullman Standard Car Mfg. Co.

©1939-1945, Head of Eng..Lsb., Curtiss Wright Corp.
1945-19L6, Chief Test Engineer, Columbia Aircraft Corp.
19L46-Pres, Asst, Dept. Head, Industrial Division, Comell Aero-

nautiocal laboratory

Hours on this program - 50

3‘ Cswk, ‘o ‘0
Aeronautical University (chicago)
1951-1953 U, 8. Navy, Aviation Metalsmith, 3rd cleas, and
“Alrframe Engineer at Corpus Christie
1953-195); Assistant Aeronautical Enginecer, Wind Tunnel Dept.,
Cormell Aeronantical Laboratory
Hourn on this prosram - 8




. Kamrass, M. :

Univ. of Mich., B.S. in Aeronautical Engineering

Univ. of Buffalo, M.S. in Mechanical Engineering
1942-194k, Aerodynamicist, Stinson Division, Consolidated

Vultee Aircraft Corp.

194L-1946, U. S. Amy ,
1946-Pre:;. Research Engineer, Industrial Division, comell RS
| ‘ Aeronautical Laboratory - o e

Hours‘ on this prograz - 460 i

S, Smith, M. D.
Clarkson College of reamolog, Bachelor of Mechanical Eng.
19h3-1950, Flight g::; Instrumentation Engineer, Curtiss
T Wright
1950-Pres. Research Engineer, Industrial Divisi on, Cornell
- . Aeronautiocal Iaboratory
Houra‘cn ﬁhia progrum - 115

o 'h--“r .

o Undwy of l‘loridu, 3.8. :i.n lechanical Engineer.lng O
. 19&2—19&6, U. 8. 'lw : PR

1946-Pres." ‘Associate Research Eng:lneer, Industrial Division,
-~ Cornell Aerormutical hbomtory ‘ B

- Bird, Id.tor “‘.., buim Marual for Spherical Air Snpportod -
B :;.T_-;;thdonu Cornell Aeronsutical laboratory Report No. UB-66h-D-1, |
SE j»f2 Ootobor 1950.

2. Dodge, R.. and Thompson, M.J., Pluid Mochantcs, MoGraw H11l
- Book 000. 1937. _ .

3. ??hgd, L., Vector and Tensor Analysis, John Wilsy & Scus, Inc.,

k. g‘mmr. V.L., Fluid Dynamics, McGrew Hill Book Co., Inc.,

S. Herriot, John 0., Bloclmge cormctiom‘for Three Dimensionrl
Flov Closed Throat Wind Tunnels, with Consideration of the
Rffuot of Compressibility, NMACA Report 995, 1950.




B"'u IS FOI'mu]AG

B-la. Geometrical Symbols
[

View A-A' !

Fig. 1. aadone Geometry

-  of base 12 S inches. ‘ | R
1/2 :mgth 6 i.utersecuon of base ﬁth plane of humdinal

1‘01.. : ":‘, )
*.13 S inches,

‘Radius of htitnd..nal circle. . ‘
(  Asimth o.ngle (from ralat:l.ve vd.nd).
.Base angle -
7. Angle b-mw éhear oomponent and llo. (See Fig. 2)
- @ /Angle from horisontal plane through- canter of sphere. :
@ Angle from stagnation point on sphere R R
“wAngle between tangnts to the crown great circle and the TS
. oo latitudinal oirele at the base (See Fig. 2).
At z mreution uhglo o! ungent to radom surfaoe (See rig. 3)

nY

u : n ' n n n n
o - - RO

4 nrng orolounulcm -
K Pressure cosfficiemnt = -L;-’-
Kp Dreg coefficient
Ky Lift coofnoionb
L Life

¥a Fabric load alouc great oircle through North Pole
.g Fabric load in latitudinal direction
Ngj Pabrioc load in longitudinal di» ooticn
Ao Free stream static pressurs
q Dynaamic pressure = oy 2/,
5 Shewr force
Wind velocity
x Ordinmte in wind dlrection

h



Subscripts

u Upper hemisphere of radome
1 Lower hemisphere

B-lic. Resolution of Forces: To compare theory and experiment it is
necessary to resolve force components. The theory of Ref. 1 calculates Ng and
N4, whereas the experiment measured intégrated values of Ny and S. The re-
lgtionship betwsen these conponenta is ahown in Pig. 2 bslovu |

um the interaection angle behreen the
1 latitudinal cirole nomal to the wind -

Tangent to Crown Oircle  Tangefit to Latitudinal Circle
nc 3 Tangent Diagrams

Fig. 3 ahm diagrems of tho two tangents separately to improve clarity. We
hava the following expression (o.f. Ref. 3)1
cos ey, 1y 4wy, my e my,

rhere 1, m and n are direction cosines of the two tangents and the subscripts
#1701y to the two dif ferent tangents, .

et



For the small circle tangent

A, = 90° and m) = coe Xy =0
Hence we don't need m, or)_z.

From the géomt:y of the figure we have

cos)p = Eg .00 gina(- A0 co:;od sing

1l = cos,e sin o

\)2 -90-,83 no-ooa (90 =&)
Ay =90 -vl 1, = cos (90 V)
By moosVy

lHenc‘e. B
'coa w- cos (90 -Vl) coa,é sinX + cos\) cos (90 =4)
.  - ein\ll cos aina( + cos), sin g

- But \)1 is a constant = tan-l :‘ ol tan~1 QE«

,g is & constant = 679401
‘sind = ,925, cogf= .380

Finally then

cos Wm 0'.380' sin [un-l :%%]ain 0 ¢ 925 cos Vl

B-4id, Caloulation of Lift from Pressure Distribution

| B-ld(1). Theoretical 1ift Distributions The pressure distribu-
tion over a olassiocal sphere In viscous flow was assumed as shown in Fig. b,
which was taken from Ref, 1. This distribution was assumed to be symmetric
about the wind axis, For a complete sphere no vertical force would exist,
hut for the twuncated radome aphere a vertical force is obtained. This 1ift




ran be expressed in dilferential form by the equation

—9"' = 2Kb dx
- 2x\/;2-x2dx
where L is lift

K is local pressure coefficient

ng. §  Lift Elements

m tota:l. 142t ia the integral of the 1ift over each strip.

, ror the upatnm pnrb of the sphere the pressure coefficient
1 ould bo oxpnued by the equation

X - 1w i sin2 ¢ . : - (Ref. k)

Because of viscosity, however, the pressure over the domstream
part of the sphere doss not follow this law. To calculate the total 1lift
then, the expression for dl/q was plotted as in Fig. 6, and a planimeter
used t¢ obtain the integrated value of the 1lift coetficient.

B-4d{2). 1ift Caloulation Based on Measured Pressures The cal~
culation of 1lift from measured pressure is similar in principle to that of
the theareticnl ealculated heretofore. However, the measured prescsuro over
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- Blis(l) ﬁg — n% m hemisphere can be divided into
alcmnta noml to ow direction e 1)

the voper hemisphore of the Yeduws was dilierent from that over thn low
hemisphere. Therefore, it was necessary to calculate the 1ift cont.rlbu—-
tion of the upper arnd lower parts of the sphere separately. For the upper
hemisphere we have

f.I‘,i‘ A =2K,»dx = nu\‘a"’-xz dx

a

For the lower part we have - |
dyA = 27, (r-b) & = 2K, (VE? - 2% -\[B% - 2?) ax
where

IXI< ll.
Pist IXI> /8]
¥ - 2!) Rz-x dx
R 1
S ;:Thm the total 1ft |
D /'[&f;z—’ N ) -
/}(x“-x,) - xzdxa,_aﬂ - K) Rz-xzdx_»

o m- oxpreaoion 18 also plotted in P1g. 6

| B—ho. : Oﬁiou‘htion of Dreg from Pressure Disiibution

Pcose

.h,_

Fig. 7 Radome Side Blevation
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gach elegrnt Zas oa ol ol aren
A =TnRd =TTR2 sin @ d © |

The drag force on each element of the upper hemisphere can .be éxpressed
d(D,) = ¢ K, TR 8in 6 cos 8 4 ©

~and the total drag is then

P-‘-‘-' - TTszl! sinacosede
But = - | ,
e ncose-x E dx--nainede'
‘?Thererore .

e vrs/ Xyt dx
‘ m the 1cwer aurfuce the am is a mnction of x. Bach element has a

total aben
A 5- ,"’." (r ﬁ) }:ae - 2n2 sin 9 (I 4y

o f <l ) 222
s h

G(D,) g P, 282 8in © oz © d © (£ -t)
Bubltitutinc u abm for the funotions of |

o
?L - -2 fx,(JI 4) x &x
llotothtttor " :
Xl >, a=o0

The total drag can then be expressed
_2__ O. ¢+ n) - f
g g ° [t ang (F-£)]x dx

B-he(2). Theoretical D:!gn The theoretical drag can bs calcu-
1atad uning the inal equation of paragraph B-Le(l) above. In theory how-

grar,

KM./ L Kl L3 K




| beyond the local surface of radome or tower. Inside the radome the tubes were

. changos, 'All pressure lsads were checked for leaks and blockage; all defects

. dvely covered the area from top to bottom and front tu rear.

53 e equabion éimp?ifie& to

R
2 . -/' K (27~ A) x dx
q 2

=R

- B-hf. Envelope stressess The calculation of envelope stresses is
done according to the methods of Ref. 1.

‘P = By + Py = (g + Ne) B

‘where Pp is the total pressure differential across the envelope and Pg and Py
are components of Py in the f and @ directions respectively.

B-5. | !easuremmt Procedures
. B-Sa, Pressures
- 3-5;(1). Generals Sixty eight pressure taps were installed in the

radono and tower for sensing local pressure during tests. The taps were fab-
~ ricated of stesl hypodermic tubing installed carefully so as not to project

. ‘connected to Cannon connectors by means of flexibls plastic tubing. Thus, it -
" was possible to connect and discormeot the pressure lines quickly during model -

 4n the system were corrected vefore the tests. Pressures were recorded by
- photographing a backlighted manometer board. | ‘

. B=Sa(2). Bnvelope Pressure; ' Forty-nine pressure taps were install-
' ed 4in the radome envelope, Each tap consisted of an ,065 inch outaide dia-
. meter tube with an ,OL3 inch inside diamster. The tubing was inserted into
. & plastio button which was cemsnted to the inside surface of the radome.
" The pressure taps were installed on one side of the radome only, but effect-

. Be5a(3). Tower Pressures: Eighteen pressure taps were installed
~ on the tower, thres on each of six faces from front to rear. The taps were

dnstalled in the center of each face and spaced equally from top to bottom,
The tubes were cemsnted in place in holes drilled in the wood..

B-Sa(l). Pressure Inside Envelope: Air was supplied to the enve-
lope from a high proaanro-!ﬁ;. A oontinuous supply was required because
there wan soms leakage, Pressurs inside the envelope was controlled by a
nesdle valve in the line. A U=tudbe containing Merriam unity oil (specific
 gravity of 1) was used to msasure the internal pressure. One side of the

U=-tube was oconnacted to the tunnel stagnation pressure, the other side to
the inaics of the envélope.

B-Sb. Porces
B-Sb(1). PForce measiremnts were .mde during tha model testa with

~mtrain gapes irstalled on the 1ift, mhear and pedestal beama (Fig. 8). The
roenThing stradin pape simala were recorded by an oncillorrarh system, come.
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§ wWiring wo t;c';n’i,z';;-.‘%ﬁ. -

Hoor 3o oo
l‘ chamber, — [
' I
|signal wires; Oscillograph Oscillograph
[ Amplifiers 14 chennel
| |
‘ I
Oscillator
| | ' power wires
(1) , e
i l
|
Tyndosl Instrumentation Wiring
. Bociiiatess.
N X
[“n F O
R A o _ Signal vires |
Notest | <
(1) A1l strein gage bridges feeding sach amplifier unit are powered

"ty the same vires.

P (2) All strain geges bonded to the measuring beams with Duco cement
'~ «nd moisture proofed vith Petrosene wax,

(3) Al viring is shielded from the model to the oscillograph amplifier
Oc‘ « atrain gage in oompression (normal loading)
Gp strain gage in tension (normal loading)
Op = strain gage dumy

SCHEMATIC DIAGRAM OF S8TRAIN GAGE INSTALLATION
FIGURE 9,

-14 -

AR i o




posed of a 1l channel Consolidated Engimeering oscillogrsph and associ-
ated amplifiers and galvanometers. This baslic system uses a 3KC carrier
and bas an overall frequency response of 500 cps. Since the measuring
aquipmenc was capable of high gain, the measuring beams were designed for
operation with low stresses, This was done to limit the amount of relative
motion between the tower and the radome and thus minimize the possibility
of model flutter. A two-sotive-arm strain gage bridge was used on each
measuring beam in a manner that would produce tension in one gage and com-
pression in the other when the beam was loaded. To prevent temperature ef-
fects and "cross talk" the dummy gages were mounted on the beam base to
complete the bridge. "Petrosene" was applied over the completed assembly
to affix the smsll wires and provide moisture resistance.

As an additional precaution against "cross-talk" and heterodyn-
ing or "beating" of the struin gage signals, the oscillators supplying
bridge voltage to the strain gages were synchronized together. In this
way, all carrier voltages to and from the bridges were in phase.

~ B-5b(2). Since it was necessary to support the pedestal plate
with three beams for the measurement of pedestal reaction, a summation
strain gage circuit was required as shom in Fig. 9.

B-B‘D(B)'. The complete recording system was installed and pre-
pared for use before the calibration was made, The model was installed in
- the test area and a dead weight calibration cff each load beam was performed.

C. DETAIL FACTUAL DATA

C-1. Model
. C-la. Envelope

: C-l1a(l). The envelope was fabricated [ from a two-ply, 45° bias
oconstructed, neoprene'ococated nylon ballonet material, weighing a total of
6.60 ounces per square yard., It was obtained through the Airship Develop-
mnt Department of the Goodyear Tire and Rubber Company, Akron, Ohio.

- C=1a(2). The envelope was fabricated of 2l gores, plus a five-
inch diameter orown., 'A flat template was made for the gores, the template
being oaleulated to provide a sector of a 27-inch diameter sphere with a
cut~off at a base angle of 670 L4O', An overlap of 1/2 inch was allowed on
sach joint, The gores were arranged with altermate right and left bias to
avold possidble twist dus to uneven tenaion in the pliea, @oodyear type
,}822;1-0 Neoprene cement with Type 983 Accelerator was used to coment the

abie,

C-1b. Comstruction of Tower (Ses Figs. 10 and 11): The towsr
wan 12 inches high and 1Z-aidad To simulate the AN/FI'S-b6 arctic tower. The
modol tewer wes 25 inches aoross tho vertices., It wan conntructed of 1/2
and 3/l dnoh fir plywood, guaseted for rigidity. Two wedprn wore similarly
oormtracted to provida for tilting tha towar 15 and 30 dagraen tn nimulate
tha effoct of & hilltop installation (Fig.ll). Attachment of the torar to
the wodgan and to tha tunnnl floor wan made by bolta. The lLiottom of the
Lower had s Jaren hola to parmit acennn to Jnntrument attacheopts,

i
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C-ic. Balance System: The balance system is shown in Fig. 12.
The system was designed to indicate 1ift and shear forces at 12 evenly
spaced positions around the radome, thus simlating the load distribution
into the 12 colurns of the full-scale tower, Actually, forces were measured
on only one side of the radome because of physical and aerodynamic symmetry.
Nevertheless, the dummy beams and supports were idemtical to those in the
"live® side except for the lack of strain gages. The entire system was
mounted on & 1/l inch steel plate containing necessary ¢penings for instru-
mentation leads.

The forces fmmn the envelope were introduced into the measuring
beams through a 12-sector ring at the base of the radome. The shear
load on each 30-degree secior was measured by one beam. The 1ift beams
were located at the ends of the sectors so that each 1ift gage measured
part of the load from each of the two sectors. Each 1ift beam was oriented
to msasure loads tangent to the surface of the radome. Although the force
and reaction were applied as close to the surface as possible, a small couple
actually existed. The effect of this couple was to increase the measured
lift. Since the error was slight and in the conservative direction, no cor-
rection for it has been made in this report.

- Bach sector of the base ring was connected by a metal channel to
a ed.rcnhr plate at the center of the radome. The plate was supported by a
shaft but could move laterally so as to indicate horizontal forces on three

beams, ' These be measured that part of the drag resulting from envelope
distortion which wshot measured by the shear gages. The 1ift was measured,

by seven beams and:the shea. by six othc:x. The circuitry and instrumenta-
~tion associated with this system are described in para. B-ftb.

5 5‘ - ¢-1d. Pressure Taps: The pressure taps: are described in paragraph

0-2‘ " Data ~ Comparison of Measured and 'rheoreﬁic_s:_fg

‘ 0-20.. Gemsral: PFor design purposes there are a number of loads
dxid'z mist be determined. These are:

l. 141t ddstribution
2. Over-all m#

3+ Shear distribution
ks Oyer-all drag

5. Envelope stresses

There are several possible ways of arriving at these valuem for
the model, including both experirmental as well as thenretical conniderations,
The two experimsntal methods serve as a check on the accuracy of the test data
since they are directly comparable, In the following paragraphs a discussion
of thex~ mthods will be given along with a chart comparison of the varlous
resulta, It will be ncted that the exporimental data plve gennrally higher
loads than tho theoretical caloulationns., Am explaimnd in paraeraph C-6, {he
intreasne ia duz to the differencea betwrn tha actual and arenmed presoure dis-
tributione which are shown in Fip. L.




y .

B)

FI \LoAn)

|

.w -
1
P S
A 4
.1
O SR
v
= o
o :

PRI

B TR DUEEReOR

)

DIV SUPUAP VRS N

5
!'.
|

ST B

o,
. 80
|

T

.

- . 'f‘:":

Al ATM. .

M
: H
- - -
I
H 3
3 .
I R
FR 5
.w—

\CALCULATED LI
b

§
l
|
4
'
1
{

i
i
S S S0
N i
R '
: 4
e .
.
S SE - a—
' 3
ro. Y - - - %
— S EaraTe: Sumsas
A . =h : oL

IR S

aay

-

i f

3

Lt

e

1
1
%
L
4 :
- s S
e e SuE e S S
¢ LITE U, PO TR
; SRS DL S
R . — - vode -
. M - wa. 150 SENE
P j P EIERE NS R T




TABLE I

Comparison of Measured and.Theoretical Data

Maxdmum
Lift Over-all | Maximim Over-all Envelope
Distri-~ Lift Shear - Drag Stresses
Loading buiion (1bs.) (1bs./in.) (1bs ) (1bs./in.)
Experimental, || Fig. 1L 180 0.9 51.2% -
based on bal~- : 39.8 :
ance system
Experimental, || Fig. 6 186 - 52.1% 9.00
based on pres- Lho.5
sure measure-
ments
Based on Fig. 6 12 - 30 8.48
classical
sphere pres-
sure dist.
Ba'ed o - 128 05 10,-‘»* . 5)4.2* 8.)48
Radome _ 1.2 46.8

_ * Extrapolated values based on full scale Reynolds!
© nunber (See para. C-L).

C=2b. 1lift Distribution

C-2b(1). The balance aystem measured forc~s imposed by 30-degree
sectors corresponding to column spacing in the AN/FPS-6 tower. These forces
thus represent a column loading imposed by the radome envelope loads. In
order to compare the measured forces with theory, the theoretical load dis-
tribution, based on the data of Ref. 1, was calculated. This method provides
the magnitudes of forces along latitudes and longitudes of the sphere, where-
a8 the forces mesasured by the model balance were those along great circles
passing through ths orown (top of vertical center line of the radome). As
indicated An paregraph B, it was recessary, therefore, to resolve Ny and Ng
into the direction of Ny and 8. The equations and methods of calcu]at.ion
_are discussed in parapraph B-hc of this report.

C-2b(2). Mig. 13 1e a plot of theoretical N; as a function of
the azimth angle 8. In ordsr to obtain the theoretical loading of the
“strain gapes the over-all contribution of the various rectora was determined
by graphical integration using a planimeter. The planimrter wan alno used
to drtermine ths centrold of the load arean. The load on each 11t pape
thren connlnted of contridbutiomt from the two moctors on rarh ride of it,
Fach sector Jeid wae apportionad according to the centrold of Ltn lend aveo.
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C-2b(3). Comparison of the theory with the actual strain gage
loading 1s shomn in Figs. lia and lb. It can be seen that the measured
icads ars higher than the calculated at all points except for the gages
at & = 90 and 120 degrees, This agrees closely with the pressure distri-
bution of Fig. li which shows higher negative pressures at all points ex-
cept in the region from about 90 to 120 degrees., :

- C=2¢, Over-all Lift

» C-2c(1l). Experimental:s The over-all lift on the model can be
determined by two methods. One involves summing up the contributions from
all 1lift gages, teking into account the fact that the gages were installed
along only one side of the model. After subtracting the upward force due
- to dnternal pressure in the radome, the actual aerodynamic 1ift can be ob-
tained. At 150 miles per hour and a tunnel pressure of one atmosphere,
the aerodynamic 1lift thus calculated was 180 pounds. The second method of
caleulating over-all 1lift is to integrate the pressure distribution over
the radome. The method used is outlined in paragraph B of this report.
The total lift thus calculated for the 150 mile per hour condition was 186
. pounds, Although this figure is a little higher than that obtained by
strain gage measurement, the difference is within the experimental error.

L C-20(2). Calculated Lifts The 1lift can be calculated by 4wo
different methods. One of these involves integrating the classical pres-

~ sure distribution over the radome as described in paragraph B-4d.of this

report. Assuming a truncated sphere in a viscous fluid, the total 1ift ob-

tained by this method was 142 pounds. The second method of calculation is -

‘ gven 1:1 the Radome Design Manual, Ref. 1. We have the following data for
e models '

"R = 13.5 inches
/ = 150 mph
2, = 3674 ¢ (036 = LO3L ps

Following the procedure in Appendix I of Ref. 1 :

’& ® 1,92 and the over-all 1lift = 1.92 x 3674 x 13.5 = 128.5
pounds. This value varies from the pyrely theoretical case becsuse it takes
into account a.correction factor for the effect of aerodynsmic interaction
betwasn the envelope and tower. The reason for both of the calculated
figures being lower than the experimental is explained in paragraph C-6.

c~2d * ;ui}!_g_!

C-2d(1). BExpsrimental Shear: Shear forces were mrasured at the
basa of the radom by strain gages mounted on beamn arranged to band in
tha fore and aft directions (See Fig, 8). Bach beam wan actuated by the
sum of forces on a 30 degree sector. The reasults of thenn mrasurerentis am
shewn for the one atmonphere condition in Fig, 15. Since the exprrimontal
points 4n Filg, 15 reprasent integraterd valuos of shelar lcadineg, the royt-
rom anit shear s not known accurately. A slnunoldal diotrilutlon 38 dndt.
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cated however, since the general distribution of the loading is quite
“aimilar to that of a sinusoidal distribution as can be seen in Fig. 16.

In the region of maximum shear the distribution appears fairly flat.
Therefore, it would be reasonable to'cclculate the approximate maximum shear
load simply by dividing the faired value in Fig. 16 by the length of arc.
This gives a maximum shear value of approximately 0.9 pounds per inch,

€-2d(2) Caloulated Shear: The shear can be calculated from the
resolution of the forces Ny and Ng as described in paragraph B-he. However,
this calculation does not account for the redistribution of load in the
fabric and base so that a misleading indication of the true shear is ob-
- tained by this method. The Radome Design Mamual (Ref. 1) recommends the
use of a sinusoidal shear distribution which seems to indicate reasonably
well the general shape of the measured shear distribution. Comparisons be-
tween the measured and calculated shear loadings is given in Fig. 16. The
“maxinum unit shear load predicted by this method can be calculated fro
~ the equation (according to Appendix I, Ref. 1). ‘

8 =318Kpq Rfsing
where £, 18 the corrected drag coefficient
@ is the base angle

In the 150 miles per hour test we cbtained
| | S'= 318 x .7 ».3674 x 13.5/.925 = 1,2 pounds per inch
If the extrapolated drag cosffictemt (Fig. 19) is used
| S i.hpau@a inr inch
G-2e. Over-all Drag

o - C=2e(1). rimentals Two methods exist for calculating the
total drag fiom the wind tunnel test data. Oue method is to sum up all
the rearward componmmts of the shear gage loads taking into account the
- faot that the gages were mounted on only one side of the radome, If the
force measured by a strain gage is called F, then the contribution of the
" gage to Greg da F ein . The total of all the rearward forces thus summed
for the 150 miles per hour, one atmosphere test, gives a total drag of 39.8
pourds, The second method of oaloulating the drag is to sum up the rear-
ward components of the pressure forces, This method of calculation is de-
tailed in paragreph B-Lie, Fig. 17 is a graph of the drag forces aa a func-
tion of fore and aft location. Integration of these forcem by mrans of a
planimeber results in a dreg of U40.5 pounds from the exverimental pressure
distribution which agrnes closely with the strain gage result.

C-26(2). Theooreticals The theoretical drag can be caleulated by
intemrating the forces resuliing from thn 3lasailcal preamire distributdon
en detniled in puragraph B-le. The result of this caleculstion 1s a totxl
dreg of 30 poundn at 1% miles par hour. This figure in lowrr than the ex-

: i
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perimental drag because the assumed pressure distribution is lower, as
48 discussed in paragraph C-6. Another calculation is recommended in
the Design Marmal (Ref. 1). We have the equation

D - KD q Rz
where Ky is the drag coefficlent. Appendix I of Ref. 1 recommends a value

of KD = ,7 which takes into account the interference between the tower and
~the envelope. Calculating for the 150 miles per hour test :

D= .7x .367h x13.8% = L6.8 pounds

This result is somewhat higher than the experimental drag. However, the
tests show that the effect of increasing Reynolds! number is to increase
the drag coefficient (See para. C-4). If this increase is taken into ac-
count a drag coefficient of about 0.81 is indicated. Then

D = 0081 b 4 5367,4 X 130; L 9‘02 pounds

C-2f. BEnvelope Stresses

C-2£(1) Experimental: In accordance with Ref., 1, the envelope
stresses are divided into two perpendicular components, Nj and Ng, which
can be considered as acting «long lines nnelogous to latifudes and longi-
tudes on the earth. On the radome the longitudes all pass through the
stagnation point which thus is analogous to the North Pole. Ng represents
the force per unit length along a longitudinal line while Ng represents
the latitudinal force. The region of maximum fabric loading occurs some-
where in the region between the maximum dia:~ter and the point whero the
net drag force is szero (approximately ol = 60 degrees). The calculation
is made by oonsidering that Ny at any point mus% balance the sum of all
dreg components plus the inte pressure to that point. The sum of the
drag components is detemmined by integrating the area under the drag dis-
tribution curve, Fig. 17, from the stagnation point to the point under con-
sideration. In these caloulations, redistribution of drag load through
the envelope to the base is neglected. This results in a slightly conser-
vative value for Ny. In determining values for design, the calculated

value of Ng (at the base) 18 corrected to include a term based on drag
distributi®n (Ref. 1, Appendix I).

The following are the equations useds

N¢n _1_‘_1_‘1'0
, 2 r

where 1, 18 the fabric load due to internal pressure and Ly 48 the load
due to drag, , : ‘

Nﬂ a P r‘n " r(P-r - pp’) - Y‘(P - :‘9‘)

Y
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P.. is the total pressure dif ference across the radome surface at the point
in question as determined by subtracting the external from thz internal
rressure. The following table is a summary of the results for several
points in the region in question:

*
o N¢ Ng

0.7 | 2.91 | 8.03
75 3.85 | %9.00

90 L.oh | 8.51

C*
Uncorrected for redis-
tribution of drag.

It is apparent that the maximum fabric load occurs at about the 75 degree
position.

C-2£(2) Calculated: The maximum envelope stress can be calcu-
lated by using the formula given in Appendix I of Ref. 1. The stress at
the base is given by ’

Ne = (1016q + .SP‘,)R
= (1.16 x 3674 + .2017)13.5
= 8.48 pounds/inch

Ng = (.193q + 5P )R + .635 Kj qR
m (,193 x 3674 + ,2017)13.5 + .685 x .7 x .3674 x 13.5
= 5,88 pounds/inch

It can be seen that the maximm fabric stress as calculated from the ev-
perimental data is slightly higher than the calculated.

C=3. BREffect of Terrain: A likely choice for a radome installation
rite would bs a hilltop. In order to investigate the effect of such ter-
rain on the radome aerodynamic forces, two wedges were fabricated. These
wedges, which were 12-sided like the tower, tilted the tower back 15 and 30
degrees respectively to simlate the effect of winds sweeping up a hill,
The results of thase tests on the lift gapes are shown in Fig., 18, It can
be seen that no substantial change in loading occurs with anple of tilt.
The maximum loads as shown by the gages at 60 and 90 deprees show a reduc-
tion of load as tha tower is tilted.

C-h.. Effect of Rrynolds! Number: Roynolds' number is known to affect
the point of bourndary layer transition. At very low Reynolds!' numbers the
bounlary layer ia laminar and eoparation of flow occurs close to the mxipnm
sphere dlawe ter, Howsver, when the Reynoldat numler in above Yertbical",

i e AT e AL Y e A e . A NEM e g ST M (RS e AL WM e
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the boundary layer is turbulent and separation is delayed until the flow is
wall back along the sphere., Thus the wake and, therefore, the drag is re-
duced. For a sphere, the critical Reynolds' number is in the range of
about 220,000 to 280,000, (Ref. 2). The Reynolds' numbers of the tests re-
ported herein ranged from about 500,000 to 5,000,000, which is well above
the eritical, although below the full scale value of over 100,000,000.

Early test results with the radome had indicated an upward trend
in drag coefficlent with Reynolds' number above critical. Therefore, higher
drag values than those measured were recommended in Ref. 1. In order to ob-
tain further information on this point, the more recent wind tunnel tests
were run at the widest possible range oS Reynolds'! numbers. In Fig. 19, the
measured drag coefficient for the various wind tunnel tests with the tower
level are plotted as a function of Reynolds' number. A definite upward trend
appears in the data. A curve drawn through the data is extrapolated to about
the full scale radome Reynolds! number. The shape of this curve was chosen
"to be roughly similar to the usual asymptotic shapes found in such curves,
Ses, for example, Ref. 2, Unfortunately, there are no other data for such
large Reynolds' numbers so that the accuracy of the extrapolation cannot be
checked. In view of the soatter of the data, high accuracy is not claimed
for this curve, tut the maximum value is believed to be conservative. No
large change in pressure distribution would he expected to occur at such a
high range of Reynolds' numbers because the effect of viscous forces would
be vanlshingly small.

- C-5. BEffect of Internal Pressure: During the wind tunnel tests the in-
ternal pressure of the radome was usually kept at one inch of water prassure
above stagnation pressure, In some of the tests, however, the internal pres-

sure was varled over a range of plus or minus two inches of water from the
stagnation pressure. No change in radome bevavior was noted except for some
flattening of the envelope in the stagnation region. Examination of the
pressure data indicated a smll change in pressure distribution, particularly
at the lowest internal pressure, The change was smail, however, so that the
tolerance for internal pressure can be increaned.

© O=6, Wind Tunnel Blockage Correction: Because the maximum Mach number
of the test was fairly low and the tunnel large compared to the model, wind
tunnel blockage corrections were expected to be small. The correction will
bs calculated hare by the method of Ref. 5, to show that such is the case.

The corrections to Mach number and dynsmic pressures are as fol-
lowst

N wrl-c(1¢oau2ﬂ
Q= g, 1.0(2-!2:}




where s uncorrected Mach number

g, is uncorrected dynamic pressure
C is blockage correction factor

. C = Cw"cb"cwk

Cw is the wing (tower) blockage correction = 2!3- _ﬁzﬁ_%/

Cp is the body (sphere) blockage correction = L L’M

8> CcH
I+o4M. G S

Cyy 18 the wake blockaée correction = Yo v

The various terms of the carrections are defined below. For pur-
poses of computation, the highest speed will be assumed so as to obtain the
maximum correction. The radome and tower will be assumed to approximate the
shape of a prolate spheroid plus an elliptical wing, each having a thickness
ratio of unity.

The terms in the equations are evaluated as follows:

,g-\h-na = 0.96h
K=

27

,where |
K1 = ghape factor for tower =~ > .772
Ky = shape factor for aphere = 1.329

7'13 » configuration factor for tower = 855

: TZ = oconfiguration factor for sphere = ,859

C = tunnel cross-sectional area - 96 £t,°

Vy = volums of tower - 852 ft.3

Vp = volume of sphere ' = L5 £t.3

Cp = drag coefficient = 0.25 (assumed)

8 w» model area & 6.00 4.2
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Noa inserting these wvalues into the equations

'Kw = 00015
K, = .00101
Kwk = ,00433
K - 000688 |
Substituting X into the corrections for M and q we get
'g:. - 10007
= 1.01
P

Since the .m:d.xmm co: rectlon is less than one per cent in Mach
nurber and less than 1-1/2 per cent in dynamic pressure, wind tunnel cor-
rections have been neglected for these tests.

C~7.. Discussion

C-7a. Qemeral: The discussion and comments below are based pri-
marily on the test results at 150 mph anu one atmosphere, since this was
the only condition for which the test data were extensively analyzed., How-
ever, examination of the uncerrected test data indicated relatively uniform
characteristics and it is believed that the 150 mph. condition is repre-
sentative of other test conditions. The test results are discussed in de-
tail below. Design recommendations, based on the results of these tests,
are given in Part II.

‘ C-7Tb. Pressure Distribution: Of mijor interest is the difference
in the pressure distribution over the surface of the radome. It is evident
from the results of these tests that the tower base hus a greater influence
on the airflow over the radoms than indicated by Ref, 1, Whereas it was
originally expected that the influence on the airflow would be limited to

~ the lower part of the radome, these tests show the influence to extend over
the entire surface. The maximum negative pressures are higher than those
predicted by potential flow around a sphere and peak pressures occur approxi-
mately 75 degress aft of the stagnation point rather than 90 degrees. Also,
the pressures on the lower part of the radome, where the influence of air-
flow around the base would be expscted to be greateat, are lower. rather
than higher, as ariginally estimated. Although these changes are relatively
small they have a significant influence on the overall 1ift, drag and, es-
peclally on the distribution of load and stress in the enveolope. These con-
ditions are discussed in detail below:

C~To. Lift: X4ft louds were calculated using both strain pape
valuee and preassure tap results obtained during testa. QOood apreement was
obtained batwean the two methods for both the total 14ft and for distribu-
tion of JAft locdn, Both the maximm and the total 140t loada proved Lo Le
7% to 30 pereent highear than thonae caleoldnted, usine the clareica) yresm
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distribution around a sphere (see Table I, page 21)., The difference between
the measured total 1ift and that calculated by the method recommended in Ref.
1 is even greater. The reason for this is that the Manuzl recommends a cor-
rection to account for higher negative pressure distribution over the bottom
part of the envelope, whereas the wind tunnel test indicated lower values.
The higher values shown in these tests appear to be reasonable and should be
used g8 a basis for future designs.

C-7d. Drags Similarly, the measurements of drag by pressure
taps and strain gages showed good agreement and are about one-third higher
than the drag predicted by the classical pressure distribution. However,
the measured drag values are approximately 15 percent less than those based
on the Manual (Ref. 1), as a correction had been included to account for
added drag due to tower interference.

Even higher drag loads are predicted for the full scale radome
based on the apparent increase in drag coefficient with Reynolds' number.
This investigation is discussed more fully in péragraph C-k, but extrapo-
lation of the test data indicates a drag coefficient of 0.81 as compared
to 7, if based on Ref. 1. This 16 percent increase in drag load is prob-
ably conservative tut, as this increase in drag coefficient at higher
Reynolds' number is indicated by test, it is recommended that higher drag
values be used in the design of large radomes.

C-7e, Shear: Ref. 1 Manual recommends that drag loads be trans-
ferred to the btase as shear, using a sirus:idal distribution of shear load
with the maximum value occurring at the 90 degree point. A sinusoidal
~ shear distribution, using the total drag load based on classical pressure
distribution over a sphere, is shown on Fig. 16. Shears measured on the
30 degree segments during wind tunnel tests closely approximate the sinus-
oldal distribution previously assumed, but «»e somewhat higher due to the
higher dreg loads. The exact distribution of shear load cannot be readily
measured but, because of the close agreement indicated in Fig. 16, use of
a sinusoidal distribution is recommended.

C-7f. Envelope Stress; The calculations based on wind tunnel
test results indiocute approximately a 6 percent increase in the maximum
envelope stress N, over valuss calculated as recommended in the Mamal,
Ref. 1. However, because of the generally higher negative pressures acting
on the surfaoe of the radome and the higher drag loads, the calculated
maximum value of N, is approximately 12 percent higher than the value as
determined by the Hanual,

It is interesting to note that tha value of N_. (representing tho
14€t component of load) increased only 6 percent, whileSthe total 1ift lond
increanad approximately 45 percent. Tils difference is due to the chanpo
in prescure distribution which indicatms that the peak londs are spread out
over a mmch larmger part of the radomn, remulting in hipher total londs with
a rlatively snall increase in pesk valnes, Althourh the N¢ ia increaned hy
a lurge percertaps, this value is not critieal for desipn. "The resultant
effact of the chunge in pressure distribution on envalopr nhtrrsnen is thus
rmall,
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C-7g. Effect of Terrain: The effect of installing the radome
on a hilltop is to increase certain stresses in the envelope and attach-
However, the effect is small and does not apply to the maximum

ment.
loads. Therefore, it is believed that this factor can be neglected in
design.

-~ C-7h. Effect of Reynolds' Number: Test results indicate a de-

finite increase in drag coefficient at higher Reynolds' number. Although
it is believed that the values obtained by extrapolating the test data
are conservative, the higher values should be used in calculating maximum

drag loads for large radomes.




PART II
RECOMMENDATIONS

A. Aerodynamic loading of Radome

The pressure distribution determined in the wind tunnel tests
carried out on this program is believed to represent more accurately the
aerodynamic loading of a radome-~inwer unit similar to the AN/FPS-6 in-
stallation than the theoretical distribution given in Ref. 1 Manual.
Therefore, it is recommended that the design loads for both the radome
and tower be based on this new distribution. It is beyond the scope of
this program to make corrections to the Manual to account fully for the
- influence of the modified pressure distribution on the radome and tower
 loads., It is rerommended that a revised Radome Design Manual be issued
to incorporate these modifications. However, in order to provide an in-
terim basis for design of new equipment, correction factors are recom-
mended herein,

B. Tower Loading

The tower loading from the radome results from both the uero-
dynamic loading on the radome envelope and the radome inflation pressure.
The distribution of these loads depends primarily on the tower platform
design. For example, if the tower platforu is supported entirely from
the outer columns of the tower, the platform loading due to dead weight
and inflation pressure would be reacted at the sides of the platform and
the resultant of aerodynamic and pressure loads on the columns would be
reduced. On the other hand, with a platform design such as that employed
on the PPS~6, which uses interior supportin, .colums in addition to the
exterior colums, the majority of the dead weight and pressure loading
sy be supported by the interior colums and the remltant loading on the
exterior colums would be increased. As the structural design of the
towers wvaries widely between the different installations, no attempt has
besn made to suggeat a detailed loading schedule., Howaver, in order to
provide data that will bes helpful to the design engineer, maximm design
load valuss are recommended and methods of applying these loads to the
strcture are suggested,

' Another point of interest in the design of radome towers is
that the pcak 1ift and drag (shear) forces occur simultaneously in the
samo genwral area (75 to 90 degrees from stagnation point). However,
az the stagnation point shifts with the wind and may occur at any point

- around the radome, the tower structure munt be deripned to support these
perk loads with winda from any direction.

B-l. IAft Londn:

B-1a. The totnl 1ift, an determined from wind tunnel londs, wan
arproximately 45 parcent hpher than vnluen detersined sn outdined in




Ref. 1 Manual. It is recommended that, in calculating the loading for a
radome of new design in accordance with the methods outlined in the Mammal,
values of Ky, given in Fig. 19, be increased by a factor of 1.45.

B-1b, The total 1lift load thus determined will be appreciably
higher than that previously recommended. However, this value cannot be
used directly in design as the distribution of load is not uniform around
the periphery of the tower. The important design value is the maximum column
loading. Based on the values determined with the balance system (Figs. lha
and 1), it is recommended that each colum be designed to support a load
equal to 25 percent of the maximum 1ift load as calculated above. For de-
sign purposes, this load can be considered uniformly distributed over the
30 degree segment between columns or as a concentrated load for the design
of the columns and their attachment to the platform.

B-2. Drag loads (Shear):

B-2a. In order to account for the indicated increase in drag co-
efficient at higher Reynolds' number, it is recommended that, in calculating
total drag load for new radar tower designs, the value of Kp (Ref. 1, Fig.
1) be increased by a factor of 1.16. |

B-2b, Drag load is transferred into the tower as shear. Maximum
shear values will, therefore, increase directly with the value of Ky (above).
Maximum shear values gt the base may therefore be calculated as recommended
in Appendix I, Ref. 1, using the corrected value of Kp. The sinusoldal dis~
© tribution of shear load recommended in Rel. 1 is believed to be representa-
tive of actual loading conditions.

B-2¢. Because of the shear resistance of the tower platform, peak
shear loads at the radome attachment can generally be considered to be dis-
tributed by the tower platform floor plates «md reacted by the exterior
column shear brac or side panels in proportion to the relative stiffness
. of these members, (If interior colum shear bracing is used, these members

will also help carry drag load to the base of tower). This redistribution
of load should be taken into account in designing the tower structure.
Based on a sinusoidal distribution, it is recommended that the tower piat-
form be designed so that a 30 degree segment of the tower structure can

- support approximately 15 percent of the total shear load.

B-2d. As the overturmning moment at the tower platform is a di-
rect function of the drag load, for design purposes the values of Kn
(Raf. 1, Pig. 19) should also be increased by a factor of 1.16.

Notei

These values must be corrected by the reaction to dead
waight and inflation pressure developed at tha outer
columa. Thie maction will dapend on the tower denim
an discussed in parapraph B, Part II.
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B-3. Radome Attachment Loads

B-3a. As peak lift and shear loads occur simultaneously and at v
approximately the same point, the radome attachment must be designed to o
withstand these peak loads. The maximum vertical fabric load (pounds per R
inch - tangential to surface of envelope) is given by Ng at the base (see
Para. c, Part II).

B-3b. The peak shear value S is calculated as recommended in
Appendix I, Ref. 1, using modified values of Kp (see Para. B-2a, Part II)-

B-3¢c. The tower platform must be designed locally to resist
and redistribute these peak attachment loads, ‘

C. Envelope Stresses

} Wind tunnel tests indicate a peak stress (Ng) only 6% higher tha? g
that caloculated, as recommended in the Manual (Ref. 1 ? However, high str® re?
occurs over a wider area of the radome. Peak longitudinal loads increase v
a larger percentage but are not critical for design. It is therefore recom”
mended that, for new designs, the maximum fabric load N,, calculsted as re-
commended in the Manual (Ref. 1), be increased by a fac or of 1,06, As mi’
change 18 small, and as the Manual recommends a minimum factor of safety of /
three (3), no change is recommended in the material specification for radon?
now in production, unless service experience indicates that a higher streng
material is required.

D. Required Inflation Pressure

- Wind tunnel tests indicate that inflation pressure is not criticad
with regard to pressure distribution r stability (for radome-tower configu~
rations similar to the AN/FPS-6, using a two-ply, L5 degree bias construoted
redonme envelope). In order to keep envelope stresses to a minimum, it is
therefore recommended that a minimum inflation pressure equal to "g" be used
a8 a basis for cesign of the pressurizetion equipment, and that the maxdmum
pressure be kept as low ae possible. These values will permit a pressure
variation of at least two inches of water, due to operational tolerances,
without adversely affecting the stability of the radomes.

E. Effect of Tarrain

‘ As critical envelops stresses and tower loads are not increased
when airflow is directed vp over the radome at angles up to 30 degrecs
(similating hilltop locations), this condition need not be considered in
the denign of tha redome or tower,




