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- j ABSTRACT

This report presents the resul t s  of shtp model tes t s  conducted on a destr o ’,  er type  hul l
form which ‘.~ .~ -s fitted ~ ith a numbet of a rv housings . each suitable for accommodating
d i f f e r en t  s izes  of ho r izo nt .-~1lv or iented  conformal / pl ana r . ir l iy sona r transducers.  The bas-
ic hull form was  developed ft  om ship characteristic s fu rn i shed  h~ the Bureau  of Shi p s.
These tests were l imited to obtaining resistance test data . flow test photog raphs and w a v e
profi le ph otographs - since these ~‘ere  considered suff icient  to provide l a ram etnc  nava l archi-
tectural inputs to a trade-off an a ly s i s  of hydrody namic versus sona r performance To aid
in evaluating the hydrody namic performance of these array housings . tests  were also con
ducted for the basic hul l wi thout  sonar appendages and for the basic hul l  wi th  the dome for
the AN/SQS- 26 sonar transducer appended All array housings tested offered considerable
improvement in total  ship resistance over the AN/ SQS-26 dome throughout the low and
moderate speed ranges. Relat ive sensi t ivi t ies  of changes in ai ’r -u ~ dimensions upon total
ship resistance are included in this report. Lines plans of the basic hull  form and of the two
a r ray housings selected from the results of the pre l iminary  trade-off analy sis of hydrodyn a -

mic ver sits sona r performance have been furnished the David Taylor Model Basin (DTMB~
for fur ther  shi p model investigations including resistance . maneuvering , sea-keeping .
directiona l s tabi i i tv  local flow behavior and cavitation inception.

I.
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SECTION I

iNTRODUCTION

The nav al  a r ch i t ec tu ra l  task assignment for phase I of contract NObsr 93022 w a s  to de-

l i n e  a des t roy er  type hul l lorni which would compl ’, w i th  the  “Hull Form Informa t ion ” f u t n -

ished in’ the Bureau of Ships m d  which would proper ly  incorporate the Gerie r -~I E l ec t ric

Company ’s conformal p lana r a r r V t v  sona r transducer housing design.

The hasic ship characteristics and associated informat ion supp lied by the Bureau ol

Ship s a l e  ~i5 follow s

A. [lU LL FORM INFORMATION

All information applies to the molded hull without domes . array housings or l a i i - i n ~ s.

Disp lacement ~molded~ 5400 tons
LWL 480 feet
KM 24.5  feet to 23 . 5 f eet
CB 

0.45 to 0 49
C~ 0. 775 to 0 8-45

Notes .
1) Trial speed 34 knots endurance speed 2-5 knots.

2 1 NC) domes or a r ray  fairings to extend more than 10 feet below the bottom of the keel .

B. RE LATED NAVAL ARCHITECTURA L CONStDE RA T1ONS

In a r r iv in g  at the optimum size , shape , and location for the sonar arra\ -4 s; .  considera -

tion shall  he given to the follow ing features which influence the design of the ship .

1~ Weigh t .  space . manning , electric power - cooling and other service r equit  ements

of the sona r sY stem.

2~ The sonar environment inc luding ~

a Machinet v and pr opeller noise
b~ F1o~ generated noise

Cavit ation
Turbulent b oundary lay er  noi se

c’ Transmission interferences
Cavitat ion
Quenching
Bubble ~~~ eel) dow n

CONFIDENTIAL
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3~ The i iii ! ue ace of h u l l  - i  r r ay  shape on

Shi p pov er ing
h Ship maneuver ing

~ 

Ship mot ion  in a seaway

ti  Ship s t ruc ture  including

a t  Slamming
I) , A r t  iv deflection

5) Const ruc t ion  and maintenance including

a Access and maint enance of the ar l- - i \  w h i l e a ’ se- i
h .  Di mensiona l tolerances and a r r ay alignment
c Hul l surface preservation

6) Ship operat ing problems including

a i Drydocking
h ,  Anchoring ber thing , and mooring

The conformal approach was defined hv N a”~- representatives .is follo~ s~”An art  a’
ot ientation which results from a technical frade -off between sona r and hvdrody namic P et
formance to opt imize  both insofar as possible. The transducer does not necessaril~ h ave  r~
conform to the hul l  contours. ”

Preliminary design effort conducted l~ the General Electr ic  Compan\ ~‘ i  ioi to t he
cotiimencement of phase of contract NObsr 93022 had indicated that a hori zonta t t i  a r i s d u r e r
ar r - av  approximately 7 feet  a ide hy 70 feet long , housed in a rubber dome with  a i adius of
curvature to permit dome clearance of approximately 1.5 fee t  below th e a t  i - t v  at  the  shi p ’ s
centerline , appea red the most promising . This horizont a l a r r ay  ‘.‘as  to be mounted immedi-
ate ly under the keel in ,r locat ion under the boa of the ship such P i t t the eat ire ar r : Iv  hous in a
w a s  as far  forw ard u s pr~ cticahI e

The development of th e  h i s  ic destroyer t~ pe hull  form Wd s suh cont t  1 ~~V~~~ a ç~ to Gibhs and
Cox , Inc srpnra led . Na va l Archi tec ts  and Mar ine  Engineers Ne ’.~ ‘i i i  k .  Nea \ v -

~~
-
~~ In (I l l

to a id  the Gener a l  F : l ec t r i c  Compan~ i n selecting the proper dimensions b r  the h o r i z o n t a l
keel - mounted t r a  nsdiicer which w ould  o p t i mi z e  both sona t- a ad ship ’s hy d i  ody na m ic p et  ot

anc e , i t  a as considered necessa v to conduct a series of shil: model tc ’s t  s to I . t .t a p at  .1 mc

i t  ic information on the e f fec t s  of p redicted ship p erfo r  mance whenever the d i m e n si on s  of th e
sona r t ransducer  and i t s  a ssocia ted a r r a v  housing w e t  e v a r  red in l e n g t h  or o. ~dth - ta d j t  ~

V 
\ c ’ i t i ( - ~i l  location ~.iried v. i t h  t ( ~5 l i ( . t  to t he shi p ’ s keel ‘w b ise l ine  n . e . depth (if •lt ’ I V I \
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j i t us  n~-~ a j i b  I et ( P  eiu’e to t h e  ship ’s base I i  tie

A r t  a ngements  a ct  c made In G i l i l  IS and Cox , Incot porn t ed  to  h ive the e~ju i ed sh i p

m odel t e s t s  ( ( inducted it  th e Davidson Laboratory S t € V \ e n s  I n s t i t u t e  of Tech nolog~ V lii  ;l ) Ol- ~en

N ea  ie st- ~ Fr t t n i  1 i t  e l i m i n n t \  d iscussions  w i t h  l)avtd  Tay lor  Model Ba -s in DTMB j i e  -

S OUit ! t a as  dete ni it ierl tha t res is tance test  data , f l o ~ tes t  photograph s . and a ;. ye i° 1

~ih o t o g - a p hs fo r ’  each 0! t I m e  a t  t a \  h o u s i n g  designs unde r - co ns ide r at ion a ould p ‘~ ide s u i t  t

cient pa am et i ’ic informal ion for time pt el im ina  r~ naval  .i r c h i i ec tu i  - i i  inpu ts  to the  t t . i  (Ic  - ( ( I t

ses of hy d r o dy n a m i c  vet sus sonar perfo ttmmn ce Upon comp lel~on 0 t h e s e  pi - e l i n i i narv

1w drod~ namic  tests at Stevens I n s t i t u t e  ot Technology . the 1)-Isil hu l l  f o r m  and se !erted ar r ) ’

hous ing  designs a ere t o  be m odif ied is  de te rmined  f rom  test  resu~ is . an d a vt - c then to >1:

f a t  n ished to the David Tay lor  Model Ba s in  t o t  i d d i t  iotu I l e st  Pig This t a c i t  i t~ has the
c ’ap . i l l i I  t t ~ to cond u ct tests using l~i i ger model s than does S teven s  !nst i ’ute of Tech n log~ nd

thus  can ohl,t  in  more re f ined  resi sia rice atid ‘oa e r ing  d Pi . In a dd it  ion  . the other  t eqit t red

shi p model tests such is maneuver ing , d i rec t iona l st a lj i I it ~ . sea keeping . roI l ing , and

ci r c u l a t i n g  wat er  channel fl o ’, t e s t s  a ou ld be conducted at the David Ta’ b r  Model f l a st n  onl y

on the  hul l fo rm and the  a t  r ay  housing designs which  ‘vet’e selected as i r e s u l t  of the  l i r e

l im in a r v  t r a d e — o f f  a n a ly s e s  of In drodv namic vet sits sonar perfot marice.
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SECTION II
PROCEDURE

Gibbs and Cox . Incorporated developed a basic hull form which complies wi th  the “Hull

Form Information ” and which incorporates those applicable features pert inent  to the basic

hull form envelope listed in the “Related Naval Architectural Considerations ” previously

enumerated. This basic hull form is described by Figure 1. The line s were developed using

as a gu ideline the lines of a recent large destroyer . The particulars of this new ship are as

follows:

Length overall 505 feet - 0 inch

Length between perpendiculars 480 feet - 0 inch

Beam at design waterline , amidships 52 feet - 2 Inches

Depth amidship 30 feet - 9 inches

Design waterline 16 feet - 0 Inch

Displacement . molded 5 , 380 tons

Midship coefficient 0. 81

Block coefficient 0. 47

Prismatic coefficient 0. 58

KM without array housing 25. 9 feet

A 1:80 scale wooden model . approximately 6 feet long , was constructed so that its for —

ward section below the load waterline was removable. This permitted installing a numb er of

different bow and associated array housing designs utilizing the same basic model . thus

minimizing the cost of obtaining the required preliminary parametric hydrodynamic per—

formance results . This model was a bare hull onl y .  without normal appendage s such a-s

bil ge keels , shaf t s .  struts and rudders : since comparative rather than absolute ~- ab ues were

required-

A r r a y  housings were  developed to accommodate both a wide range of tr a nsducer su es

and to provide for var iances  in the vertical location of the t m tms duce r at  r .l\ wi th  t- e spect  to

the ship ’s base line (or keel l ine)  reference axis  Table I den otes the sal ient  I t ’ a t u l u s  ol each

of the a r t a v  housings tested.
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The housing s for - the follow i ng a r r ay s  were developed and tested.

I A ARRAY EE l -  ‘F - 0 INC H \ \ t 1) l  BY 12 INCHES DEEP BY ~0 FEET LONG

A r t  a’. housings for - this a r r ay  ~ crc developed w i t h  the top of the a i r a v  in three d i f fe ren t

I locat ion s  a t  the l)asel inc - 1 ~ inches above the baseline and 3 leet - 0 inch ’ below the

ha se l inc .

1 These ( l i f t e r e ’n t  locations ~ ere selected to evaluate possible trade-offs between the

I 
effect of the sona r location on the ship performance and on the- sona r per formance

The loca t i on  of the top of the a r r ay  on the baseline results in the minimum change in the

I 
usual ship ’ s str ucture

The location above the I .) asel in e wi th  the array recessed into the hu l l ~ i l l  give the mini-

mum increase in resistance at the lower speeds compared w i t h  the hull without  the housing

I appendage and i l l  also provi~~ some shielding of the arrays tw the hull of the ship to pro-

tect again-st interference by propeller noise.

The lo cat ion below the baseline would give increased submergence for the p lana r a r ray

and possible better sona r performance . but would also result in an increase in power to

I dr ive the ship at the lower speeds .

Sections at the forward end of the array for these three array locations are show n ~n

I Figures 2.  3 and 4. respectively.

I B ARRA Y - 14 FEET - 0 INCH BY 12 INCHES DEEP

Housings for two different lengths of array 70 feet and 140 feet were developed for  this

I width of a r ray to evaluate the effect of increasing the length of the a r r a ~ on the add i t ional

P(~ve~
. requ i n em ent s due to the housing . A seetio~ at the for~~’ird end of the a r r ay  is sho~~n

on Figuare 5 The longer housing will  increase the difficulties of dry docking the ship and a i l l

I therefore  pro b ably not be possible to adop t

C ARRA Y - 10 FEET - 0 INCH BY 24 INCHES DEEP

I Housings [or th i s  sit e  .ir~ ay were  developed for an array 70 feet - 0 inch long in two

I di f ferent  locations , top of a r ray  at  the baseline and V t feet — 0 inch above the ba sc ’l i tw: Ind for

an ;~~i 1av 100 feet long .18 inches above the baseline Sections at  the I o r w : nr d  end ol t h e

a r r ay s  are show n on Figu res II - 7 and ~~~ . respectivel y.  The l ines lot’ these domes are

I show n on Figures 9 and 10 - The fo rward  end of the dome has bcvn b c-ab ed a lt  ol the  I orw a i d

1’eipe nd i cuba  r and the stern p ro f i l e  above and hobo~ - th e ‘.~ -i ‘ct l i n e  h - i s  been mo ( liI ic ’d f t  otmi

the basic l ines  to sui t
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I) .  COMPARAT iV E STU DY

For c o m p a r a t i v e  purposes - a dome sui table  for housing an AN — SQS-2( ; sona r transducer

wa s  also tested

1\v o different  depths of a r r a y s  were  u t i l i zed  in develop ing the housings used in these

studies . na nmelv 12 inches -a nd  2 4  inches. These t~~o di mensions were selected since they

~ 
i l l  accommodate tran sduce ’ elements ol di f ferent  s i t e  construction , and mount ing details

e i ther  ol ~ hich migh t be selected ul t imate l y for the Conformal/Plana r Array Sona t Sy stem

I In g e n e r a l .  the I i a n sv e r s e  sections of the at - ray housings are c i r c u l a r ,  and of a t a d i u s

selected as a compromise between the smallest  permissible envelope appendage and a largei-

radius w h i c h  ‘-u ould reduce the area subject to l a t e ra l  forces due to ct’oss flow when  the sh i l l

is tu rn ing  and ~ hen the shi p is operating in a seaua v The for~- ard end of the a r r a y  append-

age is c i r c u l a a  in (-ros s section , wi th  both the hor izontal  sections and ve r t i ca l  fore and a f t

sections be ing ell i p t i c a l -  The after  end is su i tab l y  faired into the hu l l -  These a r r ay

housings ~‘ere designed to incorporat-e a p r essur ized  rubber ~ i ndow belov. and in f ront .  of

the  sonar transducer face . This sona r window , or dome , when l)ressur ized would assume

the semi-circular cross section shape~ and by keeping its radius to a m i n i m u m , the in ternal

s t ructura l  stresses in the dome would be min ima l  The lower portion of the i t  t : a ~ housing .

or sona t - window , coul d also be fabricated of f ib erg las ,  steel or other suitable m at e r i a l

without  a l ter ing its basic shape.

Analyt ical  studies for predict ing the re la t ive  sona r performance capabi l i t ies  for these

various s ize  t i  ansducer a r r ay s  were conducted concurrent 1~ wi th  the shi p model t e s t s  (Ic -

scribed h e r e i n ,  as a part  of the t rade -off  studies of h’,-d rod vnamic  versus sona r p er formance

Based on the results  of the p r e l t m i t t a r~ trade—off  ana lysis  between s o n a r  and ship  p c - r I o t  rn

anc e - housing s for  : t 10 feet wide by 24 inches deep a r r a ~ wet  e selected for f u r t h e r  t e s t i n g

at the David Tay lor Model Basin ~DTMB~. Two lengths of housings ~ il l be tested , one f o r

a ~0 feet - 0 inch long a t r a v  and one lot  a 100 feet - 0 inch long a r r ay  Both of these a t -r a y s

are to be a ecessed into the  hu l l  The l ines  of these hous ing s  are  sho~a n on Figu t i s  I) and lu
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I
I SECTION II!

I 
TEST RF. SI: ITS

Model t e s t s  w e r e  conducted at  the Davidson L s l , , , t  - i  to r y  of the  Stevens Ins t i tu t e  of Tec h

I 
nolog~ Hohoken Ne’~u Jer s ty  - for n i n e  d i f fe ren t  p1 -a oar a r ra ’  hous ing  conf i gu ra t ion s  J - ’ i

compar t t i v e  purposes V t e st s  were  i i so run b a r  the ha sic d e s t i o ~- er hu l l  ~ i th  ~t not  am a 1 I iow

m d  for the  I ) 45 i ( ’  hul l  f i t t e d  u~ it h a s tand ird AN ~QS— 26 how do me ,  Figures 11 and 12 shon

I t y p i c a l  models used in these tes ts

Measurements of model r e s i s t a n ce  and bo~- - a nd stern s i n k V a g e  ot ‘ ise Vu ere m ide for

I ship speeds bet~ ceo 10 a nd 40 knots  l o t  e tch c o n t i gu r -at i on  Al l  t e s t s  Vu etc  run  in s t i l l  n t t e t

Res i s t a nce d i l l ,  w ci e expanded to f u l l  scale using the Schoenherr mean 1 inc w i t h  .1 ! oug hness

I al lowance of 0 0004 Tabul i t i ons  of these r e s u l t s  - is r ece ived  f r o m  the Davidson Labora—

tor i  - ar e  included herein as Tables U through V and VII through Xli.  1) .i t a  g ivcn  in Table

V1 a re  rev isions of Davidson Labora to ry  ca l cu l a t i ons  - which Vu er e made - i s a r e su l t  of mod-

i f i c a t i o n s  to the f a ir i ng  of the basic model r e s i s t anc e dV t I a  -

Al l  model te sts  ‘~‘ el-c run at  a constant di ~ft c t i t .iesponding to a ful l  scale dra f t  ol 16

feet  This procedure Vu as adopted since all housings considered in th is  rep cii-t arc in te rna l l ~
floodab le The disp lacement t h e r e f o r e  - is dependent on the si ?~ of the  housing .

W a v e  prof i le  photographs ~ ci e taken at  speeds of app r ox imat eI ~ 2() - 2~ - ~~ and  40 L o o t s

i lur ing  each tes t . A number of r epresen ta t ive  photographs , Fi gur e s  13 to 2 — .1 re included

in t h i s  t epoi I -
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I TABLE I T

DAVIDSON LABORATORY TABLE OF EHP AND TRIM TEST RESULT S -

TEST NUMBER 1A

NO APP EN DAGES~

I Disp lacement . 5 - 3~ 0 tons

\Vetted Area 25, 470 ft

I V E lIP Ti - im ft
S _ _ _ _ _

knots Sta 0 Sta 20

I 10 5’ ~4 1 3  0 0

12 68 1 ,219 -0. I~ 0

I 1-1 75 1.851 -0  U T —0 2()

16 Si) ~~~~~ —0 67 -0.33

I 1~ 29 :1 , 704 —1. 33 — 0 . 6 7

20 38 5, 088 -L33  - 0 U ~

I 22 95 ~ ,377 -2 00 —1 00

24 8-5 9,893 -2 00 -1 00

26 7-1 14.060 —2 (i~ —1 33

1 28 61 20 ,050 -1 67 -2 6~
.30.50 27 , 430 -1 00 -3 U7

32 41 :36, 420 0 - 4 6 7

34 32 4 G. 165 4- 1.00 -6 00

I 36 21 56 , 150 4.1 00 -I ~~00
I 3N 10 67 ,5~ 0 ~‘3. 33 -s 00

40. 02 79 ,3~ 0 ~ 2 U7 -6. 67

CONFIDENTIAL 

-- --- -V. -  - - - _ _



V - V  ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ V.-V~~_  V.~ V.-V ~V~~~~ ~~V~~~V V.V._V V -V VV .V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CONFIDENTIAL
( C02 -l -4 70 03

TABLE 11’!

I DAVIDSON LABOR A TORY TABLE OF EHP A N D  TRIM TEST RESULTS .
TEST NUMBER 2B

~DOME FOR 7 ’ X ‘~0 P LANA R ARRAY a

I Displacement 5 - 464 tons

Wetted Area 26 , 190 ft 2

I V EHP 
-______ ____________

— 
k nots 

_______________ 
Sta O Sta 2O

I 1 0 5~ 77 1.2  0 0

12 68 1, 297 -0  6~ -0.33

I 14 7S 1.994 -1~00 -0. 67

16 89 3.006 -1 20 -0  67

15 29 3 . 519 -1 33 —0 50

I 20 35 5 , 2 1 4  -1 47 - 1.00

22 95 7 ,553 ~~ 6~ — 1 00

1 24 85 10 130 —2 33 -1 20
26 ~ -1 13.97 0 -2  53 - 1 33

I 28 61 19,590 — 1 67 — 1 47

30 50 2~~,6~ 0 - 1 3 3 -3 33

I :32 41 16 , 740 — L 0 0  -4. 00

:3 4 32 45.970 -I-0 67 — 5 67

:36 - 21 55 -980 +0 . 67 -6 13

I 38. 10 66,810 +2 .33 -6. 6~
40. 02 ~S 6T 0 4-3.33 -7 ,oo
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TABLE 1VI DAV1I ) SON LA BORATOR Y TABLE OF EIIP AND TRIM TEST Rl- SU LTS.
TEST NUMBER IC

DOME FOR 14’ x 70’ PLANAR ARRAY :

I Disp lacement . 5 ,668 tons

Wetted Area - 27 020 ft 2

I V EHP Trim ft

knots Sta 0 SLi 20

I lO~ 37 80 1.9 0 :33 0

12. 68 1 .363 — 0 .  67 0

I 14 78 2 , 11~ -1 00 0

16 89 ~3 352 -1 33 0

I 18 29 1_ 15 5  - 1 . ’~7 0
20 38 6 .21 6 1 67 (1

I 22 ~5 9 , 005 - 2  00 0

24 55 11, 52 8  - 2 . 6 ~ 0

26 74 14 987 2 V 6 7  01 28 61 20 , 9-5 1 - 3  33 -1 :33

30 50 28 - SO T - 2 00 -2  6

1 1~ 41 37 , 79 1 -1 33 -:3 31

34 32 48 04T 1. ‘33 -4~ 0(1

1 :16 21 58.070 - 0 . 6 7  - 5 . 33

3~~, 10 67 ,293 - 1 ;~ — 6 r
40 02 76 . 725 -3~ 33

I
I
I
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I C(12 1 -

I 
T.-~11LI-: V

D A V J I ) S ( ’N  LAITO1t --\ 1i )H~ I \ J I L t  OF I l IP  A N I )  THI~V1 TI 5V f  RESI : i:r—~ -
TI 5 1  NUM B1 -: R 4 1)

‘ I)O~ I I  FOR 14 x 140 ’ I~LAN AI { A R R VA ~

I Disp lacem ent  - - - .5 - ~U ton s

L Wet t ed  Are a . . - 2 - -120 t t

I V EHP Tr im ft

Knots Sr t  0 Sia 2(1

1 10 ~.S4 0 0 0

12 68 1 - 310. -0  :33  0

I 14, 7~ 2 .132 .  t i . U~’ 0

16. 59 .3 262 . - 1.20 U

I 1~~. 29 1, 201. - 1  33 1

20~ ‘38 5 943 .  1. UT (a

22 95 ~~V 5 0 5  -2.00 0

1 24 55 11 , 004. - 2 67 (I . -
~~~~

26. 74 1-1 ,35(1 . V 3  20 -0. MI

1 28 61 20 665- - 3 00 -1 ~10

~1O. 50 2~- . 340 -2. :13 - :3 -

32 41 :17 .640 1. 67 4 V  (10

:14. :12 -r .~~2O 1.33 -5 . 07

36. 21 5 600 -0. 07 -0 00

a : 39  - 10 i T  - 100 2 . 00 -7 . 33

4( 1 , 02 6 500 - 2  0~ — 7 . 07
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TABLE VI

T A BLE OF EH P  •13l - VNI - . 1) -  AN1 ) TRIM TEST RI- St Li’S -

T1-~ST N ( ’MBI - H SI - .

~DOMI- . FOR 7 ’ 0’ x ~0 ’ - O’ P L AN A R  A R R A Y .  RF: cI-:SSl- : D INTO III ~ LL

Disi~l - i c em e n t  - S - 4 1i tons

Wet ted  Area 25 7 7u  ft

V i- LIP  Ti I m ft 
—

~~~~~~~~~~

K t t -t ~ Sri 0 Sta 20

10 5” m ; s 9

12 6” 1. 1S2 0 0

1-4 TS 1 - -~~6 -0 .  i~~ 0
1 6 . 89 2 819 - 1 00 0

i~ 29 3 63~ - 1. 13 0
2 0 3~ 5 115 --1.33 (1

22 .  95 7 , 2:19 - 1 67 — 0 .  :33
24 85 9 , 709 2. 43 -0. 07

20 7 1 13 627 - 2 77 -1 00

2~ 61 19 431 —2 :33 — 1 . 3 3
:30 -~O 27 545 -1. 43 - :3. :34

32. 41 37 - 426 — 0 33 - 4  4-I

34 .32 I~ V I M
; (1 ( 1 ( 1

Iti . 21 57 022 - o. :33 - 6  :34
V3 ~~~ 10 00 - 2~I T - 2  10 - ii . 07

4 ( 1 02 1.942  3 34 -0  07
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TABLI - . Vt !

I 1)A VID SON LA1IOIL~ TORY TABL I - OF I- HP .- \ N l )  TRI M TEST R E S I  L i S
TE 5~U NUM BI:  R OF’

DOME. EV OR 0 x 70 0” 1~LANAR A H R A ’~ -

, TOP 01-’ ARRA \ .3 ’ 0” 131- LOW IIASI -  L INt -  -

I) isp lace ment - . 5 . 25 Ions

I ~Ve 1ted Are .,  26 7~~0 t i ~

V F LIP 1JV ~ irn ft
S V.———______ _________________

i 
Knots  SPa p Stj  21.1

10. 57 31 - :i 0 67 0

~ 
12 65 1 2 1” -1 .00  0

1 14 ‘75 1 . S”3 - 1 20 (I

16 59 2 ,~~7” -1 .33  0

I i~~. 29 3 ,~~9l -1 40 0

20. 3~ 337 -- 1. U T 0

22 9 Vj  7 .95 5 - - 2 00 - 0 . 2 0

2 - 1 85 10 229 - 2  33 - 0  07

I 26. 74 i : 073 — 2  53 — 1 . 0 0

25 01 19 ‘707 - 2 . 07 -1 . 3:3

:30 - 50 2~ .309 - 2 . 00 -2 .  07

:32. -41 Ii ; 507 1 - 20 — 4. (10

34 32 -lii .2 ~ () 0 3 3

36 . 21 57 161 - (I - 07 0~ 1)0

34 1(1 6-4 .913 - 1. 33 0 . 67

10.02 ~ 2 - 2-”7 - 2. (P 0 ‘7 . 33
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TA B LE V I I I

I E ) A VII ) S() N LA BORA TORY -I’ABLI- : OF F HP A N t )  TR ’M TEST R I  SI LTS .
TEST N I T M I I I -  B 7(3

I - 

- LXThIJ- . FOR 10’ - 0” ~ 7p ’ - 0’ - PLA NAR A R R A Y  V 24” i)F FI P

I Di-sp l .u-e nient . . 500 t o n s

Wett ed  a rea - - 21; . o’- a ( a ~ 
2

I
- -  

V FlIP Trim It
S - V.—________ ____________________

k n o t s  Sri 0 St~a 20

1 10.57 ~02 7 (I

12 6-~ 1 336 o. - IT 1)

1 1- 1. 7~ 2 .099 0 0 7  0
Ii 10 89 ~.431 -1 00 0

-I 1~ 29 4.19 1 L I I  (I

-I 203~ 5 553 -1 4 0
22 95 ~~l 3 3 ”  - 2  00 0

1 2 1  45 10 500 - 2  07 - 0 . 07

26 ‘74 14 , 2~ 0 - : 1 00 - 1.0 ( 1

J 2~ (ii 19,890 - ~3 00 — 1 ~1~3

lu so 27 .920 - 2 00 ~3. V 3 3

1 32 41 37 260 — 1 33 — 3
-I 34 32 40 ,

_ V 3O (a - 5 .

3’; 21 56 , 1-10 - ~ V 3 V 3  7 33
4 ~35 10 65 320 • 1 07 - s  (1 (1

40.02 74. 1 ’~O - 2  - -~ (H)

S.
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TABLE IX

I DAVIDSON LABORATORY TABLE OF EHP AND TRIM TEST RESULTS .
TEST NUMBER ~L I

(DOME FOR 10’ - 0” x 100’ - 0” PLANAR ARRAY :  24 ” I)EE P~

I Displacement . . 5 .618 tons

Wetted Area 20 .920 ft

I V EHP Trim ft
S

- Knots Sta 0 Sta 20

.465 3 0 0

12 68 1, 454 0 0

I 14 78 2 ,2 5 3  -0 33 U

1 16.89 3.31:3 -0. 07 0

18 29 4 ,240  -1.00 0

20 35 5,991 - 1.33 0

22 95 8, 521  -1. 50 -0.33

24 . 85 10, 770 - 2  67 — 0 . 6 7

26. 74 14 ,310 -3.33 - 1 . 0 0

I 28 61 20 , 060 -3.00  -1 33

30.50 27 ,610 — 1 . 6 7  -3 :33

32 41 36,860 -0.67 -4 00

34 32 47 , 020 0 -5.00

:30 21 -56 .950 4-- i. 32 - a ; .  33

38 10 66, 795 +2 (37 - 7  00

40 02 77 .320 -4-3 33 - ‘- ‘JO
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TABLE X

I DAVIDSON LABORA TORY TABLE OF EHP AND TRIM T1- ST R1- SU LTS .
TEST NUMBER 91

‘DOME FOR 10’ - 0” x 100’ - 0” PLANAR ARRAY - 24 ” DEEP :  RECESSED tN TO HULL ~

1 Disp lacement 5 ,552 tons

Wetted Area - , . 26 ,49() f t 2

I V FHP Trim ft
5

Knots Sta 0 Sta 20

I 10.57 813.1 0 0

12 68 1 354 - O . U  0
- I 14 78 2 , 1:34 - 0  80 0

16, 59 ~3 207 — 1 20 0

I 18 29 4 , 101 -1 .47 0

20 ,38 5 , 74 :3 -1 - (37 0

22 95 7 ,999 -2 00 0

1 2-4 . 85 10,170 -2 .80  -O 47

26 , 74 13, 770 - 3 00 - 1.33

28~ 61 19, 420 -2  80 -1. 67

30 50 27 , 3~ O -- 2 . 00  -3 33

:32,41 37 . 380 -1 (H) -4  00

34.32 47 .500 0 -5.33

3 ) 3 21 57 700 ‘0 . 67 - I;.  66

:38. 10 66 .370 ‘2 .  00 -7 . 33

40.02 7-4 510 4-2 67 -7 . 6’7
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TABLE XI

I DAVIDSON LABORATORY TABLE- OF FH P AND TRIM TEST RESULTS .
TEST NUMBER 101

A N / S Q S -2 0  TRANSDUCER DOME I

I Displacement . 5 .514 tons

Wetted Area . . - 26 ‘700 ft 2

I V EHP Tiim ft
S _ _ _ _ _ _ _ _ _  - _ _ _ _ _ _ _ _ _ _ _ _ _

Knots Sr , 0 Sta 20

1 10,57 1.044 0 0

12 68 1 ‘7 ’ ;. ’  -0. ‘33 0

I 14. 78 2 Uh i  ~~ (3’7 
(3

1G.~~9 :3, 769 -1 20 0

I 18 , 29 4 .65s — 1 . 3 3  0

20 .38 0 ,163 - 1 .4 7  0

22 95 -“ 561 — 1 87 0

2 4 .  ~5 10 “90 -2 .33  -0 ‘33

26 7 4 14 .490 - 2  07 - 0 .  5( 1
V 

25 .61 20 . 590 - 2 67 1 . 67

30. 50 29 . 150 - 2 00 — 2  (17

12 41 35 , 75u -1 00 -3 ‘33

:34 . 32  -19 3 ~t a 0 - 4 0

:3’ . 21 5i( .300 +0.  (~~ ~~~ h ’7

:38 .10 0 ’ 600 -4-2 . )~~ -~~ 00

40 02 75 , ” M a  42 07 -S . (a(J
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TABLE XII

DAVIDSON LABORATORY TABLE OF’ EHP .-~N D  ‘I’H M TI- S 1~ RI  S[1,TS
TEST NU MB F H i lK

aDOME FOR 10’ - 0” x 70 ’ - 0” x 24” DEEP P L A N A R  A R R A Y  HI -  ( ‘ I  581 - D I \  I i ’  i l l ’  I I .

Disp lacement - , 5 , 469 to ns

~Vetted Area 26 (‘ 40 1I~

V 1 HP Tra in  f t  
-i

Knots 
________________________ 

Sha 0 Sri ~u

10.5~ 804) 1 aj

12. l;~ 1.:3 4-1 -u  :31 (P

11 78 2 1:32 -~a (a

16 59 ~3 ,2 0 .~ -1  00 (I

18,29 1.07 1 — 1  13 0

20 38 S ,U-1 7 -1. h (I

22, 95 8 .0 8 4  - 2.00 (I

2 -4, 85 10 410 -2.  33 - (I 11

26 . 71 13 .92 ( a - 2  53 -o  ~~a

28 61 19.930 - 2  07 -1  :33

30.50 27 8~ 0 1. 137 -3.

32. -41 :16 570 ~ p -  0 — I 01)

3-1. 32 47 ,220 1.) - 5 . 3 1

36 ,21 57 .100 - u i ;7 -

38.10 65 .29() +2 00 - 
7

V 3 3

40 . 02 75 -460 - ‘-3 ~j t J  - “ :~~

V. —V _ _ _ _ _ _ _ _ _ _ _ _  --—-———----

CONFIDENTIAL a ;



V . V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ V. ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CONFIDENTIAL
(‘ 02 - 1— 47 003

1 /80 SCALE MODEL - ~8O-FO T ~~~~ ~~ L.

DAVIDSON LABORATORY G BBS & COX II flR PORr - TEQ

STEVENS aNSTaT UT E OF TECHNOLO GY o

HOBO K EN , NEW JERSEY DISPL. • 53~° To,is L . C G

TEST 29 83 — lA DRAFT 1 6 o” v~ 2~ J~J<ts

BA RE HULL 10 A1’~ N U A 5E S TRIM = Level

Figure 13. Wave Pr of i l e  — Basic h u l l  — 20. 3-” Knots . Ilo’’.- — 23”2

________________________________  

‘. 2  p-

~~~~~~~~~~~~~~~~~~~~~~~~
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I/ do .;CAI E 1 EL. ‘ 
- ‘ — P

,

DAVIDSON LABORATORY - 
I ~~~‘ ‘,. Ih1 9 , t~ 1 E U

S T Ev E N S  INST ITU TE OF T E C H N O L O G Y  53~ 
‘ 1.

HOBOK EN , NEW J E RS E - r OISPL L C 6

5!  29 8 3 - I  - DRAFT 1~’ (‘ ‘ v~ - -
, - - -

BA~E OW NC A - .. ;A E:~ 
TRIM ~

I”igtaa’c 1-I . \V :a ~~a - I’ i - o t i l e  V. I l a s ic  1 1 a M  — 20 . : ’.” I~ t io ts . 51cm - -
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-

E ‘ !ODEL ,  -4 8 ‘—FOOT D EST -- 3YER

DAVIDSON LABO RATORY GIPBS & COX rN:o~~o RATED
STEVENS INSTITUTE OF TECHNOLOG Y 

- 538 0 Tons -
HOBOKEN , NEW JERSEY DISPL. - _______ L C 6 - _ _ _ _ _ _

1( 1ST 2983- lA  DRAFT = 16’ 0” v~ 
214.85 kts

BAR E HULL “0 A P PE S JA S ES TRIM = Level

Figure 15. Wav e  Pi-ofile — Basic 4-lull — 2-1 . s5 Knots . Bow — 2351”

— __~V..V ’ =~~~~= • 
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V
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-

1 ‘~ O SCALE a ‘ E L .  148~ -1u0T E~~I - ’0~ ER

DAVIDSON LABORATORY - 
G IRBS ~~CO~ I Y O J f l~~~~ J

STEVENS INST ITU TE OF TECHNOLOGY
HOB OKEN , NEW J ERSEY DISPL V 53 OJ2ns L C G  =

~ES1 2983 1A DRAFT 16 ’  0” V5 2S .~’~~ kts

13 A-E HULL NC A rr’E’.IJA;ES TR I M

I- t ~ , iit- 10 . W : a \ e  I ’ m o l i l ’  — II ;asa- h u h  — I . “5 h a u ’ ’ I —  . 5I~ - I ’ I l  —
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coS r lDE ;TIAL 1u80’ DESTROYER - MODEL 2983 (9~~

DAVIDSON LABORATORY — — 
5133S & C O X ,  INC .

STEVENS INSTITUTE OF TECHNOLOGY 
- 5 552 t o — s  -

HOBOKEN , NEW JERSEY DISPL. - _______  L.C.G. -

DOME FOR 10 ’ - 0 ’  x 100 —0” PLA’ ;AR DRAFT ‘ 0 V8 25 .  1 .  s
AP 1X . ;21I DEEP ; EC ESSED INTO MULL TRIM ________

Figure 17. Wave Prof i le  - lO by 100 Recessed , Numbe r 9 -  20.38 Knots . Bow — 24085

~~~~ -~1 
- 

~~~~~~t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

”

.

U1~~~~~ ~~~~ _
cO ’ :C IDE’ .I AL 8Q1 DEST PO~ E - MOD E 29 ’~~~~~’

DAVIDSON LA BORATORY — - 
GI BBS ~

. O X . !NC.

STEVENS INSTITUTE OF TECHNOLOGY 
- 

5 ,55 2  t o n s
HOBOKEN , NEW JERSEY D ISPLV - 

- 
L C.G • ~~~~~~~~~~~~~~~ , -

DOME FOR t O ’ -ft ~ lO O ’ -O” - 
1 A IAR 

DRAFT I 0 v, •

A’~~A~ :2 14’’ UEE’ ; ECE ~~ ED IN fl

Figur e  18 . Wave Prof iie - I (a ’ I v  1 0 O R ~~-c s s t - d .  Number  9 - 20 . 3.5 Ka ’ ‘t s . SR 2-1(192
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C O N F I D E N T I A L  1480’ DESTROYER - DL MODEL : 5 -

DAVIDSON LABORATORY — 
GIBBS & COX , I N C

STEVENS INSTITUTE OF TECHNOLOGY 
~ 552 _______HOBOK EN , NEW JERSEY DISPL. VV’~~ OflS L .C .G. = _______

DOME FOR 10 -0” x 100 -0” PLANAR DRAFT 16 ’  0’ ’  v1 214 8- ‘
V

ARRAY; 2 14 ’ DEEP ; RECESSED INTO - TRIM _______

F ig ’ure 19. Wa ve Prof i le  — 10’hy 100’Recessed, Number 9 - 24.  “5 Kn ot ’~ . Ho”. - — f I I ~~P

_____________________________________________________ 
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a - ______—
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_ _ _ _ _ _  
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_

_ _ _ _  
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-

CONF IDENTIAL 1480 DESTROYER - 0  ~~~~~~~~~~~~~ . - - - -

DAVIDSON LABORATORY GIB B S  ~ COX , INC

STEVENS INSTITUTE OF TECHNOLOGY -

HOBOKEN , NEW JERSEY DISPL. ‘,~ 2 ‘ L C G ~~~~~~~ -

DOME FOR 1 0 - 0’ “ 100 -0’ PLAN A R DRAFT V,
ARR A Y; 2 ’ DEEP ; RECESSED I N T O  HULL IRIM 

_____

Fi gure 20 . Wave I’ a ’ o f i l e  — 10’I ,~ 100’Ri.-c-cs- ~t - d  , Numbe r !) — 2-I . ~ , Kn ’’ 1~— - S0- i ~ u — 2 -Iu ’~~l
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CONFIDEN TIA l 480 ’ DESTROYER - DL MODEL 2983 (91)

DAVIDSON LABORATORY GIBBS & COX ~ I N C

STEVENS INSTITUTE OF TECHNOLOGY -
HOBOKEN , NEW JERSEY DISPL- 2 - 5 ~ 2 

~~~
“ L C G  ______

DOME FOR 10 -U ’ ~ 1 00 -0’’ PLANAR DRAFT 16 ’ 0 V5 = 3~~- 3 2  u.’ -

ARRAY ; 2 14 ’ ’  DEEP: RECESSED INTO HULL TRIM = _______

Figure 21. Wave Profi le  — l O b y 100’ Recessed , Number  9 — 34.32 Knots . S t c u - i ~ 
- 2- 1090

_ _ _ _ _ _

coi,s~ ou ~IAI 480’ D[ R 0 Y L ’ ~~ -~~~ ’ 1 . - - 
-r

DAVIDSON LABORATORY “
V 

~ ~ 
- - 

-

ST EVENS INSTITUTE OF TECHNOLOGY
HOBOKEN , NEW JERSEY DISPL . ~~~~~~~~~~~~ L C G  - - -

DOME FOR IU’ -O” ‘ -o - - ~~~~~ DRAFT = ~“ V5 ‘ 

APS- ~’ ;Th DEEP ;- - - - n : . :  - TRIM •

Figure  22. Wav e  P r o f i l e  - l ( I hV 10(I ’ I tec ’cssed,  NIImIPer 9 - -40 .0 2  I~ I i , I 1 s ,  S o - I - I L  S
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COi.1 IO EN T 1AL 1430’ OESTr~CYE .R. MODEL 2933(l 1 I~) —

DAVIDSON LABORATORY — 

G; RO S — LOX.  P.C.

STEVENS INSTITUTE OF TECHNOLOGY 
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III  addi t ion  - ci nder~ i te i  phol ogi i p h — ~ of the i i ’o k - l  ‘.- c-~ e t:Iken I I  s - \ - e  - i l  ~j cells d U r i n g -

each test  in  ( ‘ l ( i e I  to sho ’’. fIov ~ belIa~- ioI in  I h e  i e g i P I n  ‘.~ ! the 1 10’.’. domes,  11W photogr aph s

n er e  taken at ang les ( ‘f 22-  1 2 degrees and 6~~- 1 2 k’gi ecs • i i i t - a s u i  e(i  f r o m  the ‘e I - t i r l  I -

and numbe r of r ep re sen ta t i ve  p h o l ’ ’g i a p h s  . 1-’igu i - es  2’-) t hr o u g h 12 , are  inc luded  in t h i s

t epor I

The measut  en i ents  of 10’.’. and s t e r n  s ink ~i i ~&- n i  a -~e h ;I ’ . c  been I ) lo t le ( 1 ‘‘i se \ r - , i i  I i  I

housing  coni igu r a t  ions a ad ale  show n in Figt i ic fl 1111 UI-llei’ ;i l  S I I ; I j  i of these  ( - I l l  ‘ ( - s  a I

t pR-; II for  d es t i o v e i  t~ pe sh i p s  In L~e I1 (-l 1 - th c  d Ied 01 i l , esc  ; I i r~I \  h o u s i n g s is to i

the tendeiicv for  t he  hon to a’ ise ;tnd I In- sR-I  n t~’ sink a the  speed incr ea  ~~~~~~~

In ;iceor d w i t h  the  n o r m a l  ‘I l r I n - c  of ti lt ’ I) :I ’. ’j dson 1_ a l p o r  L I E O I  - SIc ’.  ( 0”  Insli tuIc oI

F e c h n o I o i ~\ - t u r b u l e n c e  s t i m u l a t i o n  o ~ pro ’ icled I i ’ , ton i104 a ‘.ei i f t - l i  s t r u t  j u st  ,II1e.,,l of ~I c

model,  TesI-s “ . e I e  I U fl  a t  each s(l e (- ( I “ .119 1 ( I  04 inc -h d i am e t e r  st i U t .  a 1 ~ in ch  s i r - u I

and without an~ s t r u t  The m odel I - -~-- o~I ;p llc~ I t I  ‘,~l R-d a t  e:~ ‘ -h 
~ 

ep - d  it as taken I i  om 1 CU) \ ( ‘

fa i red  through the h i g h e s t  e” I s i ;I ic - c  p o i n t  -~s me,a sur  ccl liv t h e  111 ( -c - methods des - i Led

;i hove -

Measured niocle l i ( ’ sj s L I r l c - r -  dat a  shon ed I I  l r t i v e 1~ l i t l l i -  s(- , l t t e i  or u n l i i i i  n c s — ~ T u e

only noticeable scat ter  ou - c i u r e d  in tvs~s IA and “II  - hut th i s  n a” I imBctI 10 i l ic  ton esi sliced

tested ( 10. 57 knots , . where  t~I i g e  i tint n norma l  ( I I I !  eren (-cs  in r e s i st a n c e  between Ihe  t i t l  ( 1 -

methods of s U mula l ion ‘.‘. et e found

As s ta ted pr e v i o u s l y - model I c s  ishi  are cur  ‘es fol  Ic -s t  3 I -  n ei 1’ cia I I  t ’d - Si  nc-c I 0 -
‘

j udged that  the curves used in the  1 )1 v ids~ -n Labor -~ 1’’i v could be i m I l r o \ - ed to f i t  the t e s t  d,~ t ;~

more  ch isc i t  — This i c h u i ’  i~ir loa d  the  e f f e c t  ot i a i s i n g  t h e  s h i p  i e s i s t a i i c - t-  s l i g h t l y  h i  ~- 1 , & d ~
above 20 kno t s .  N I l  n t h c i  ‘ a - I a i i  ing lo i  an~ o the r  0- s I - s  w a s  ne I I ’ .

The l u l l  s _ ; a h ’  a e su l l s  of I l l , - I c ’ s i — ’ ; I I i r e  -e f f e c t i v e  h o r s ( - ( ’ ’ ’ \ ’ .  er )  i e s l s  h , i ’c  ‘cell p l o t t e d

and I l
_ c sbo~’. n in l-’i gur e s  II th i sigh 1” - a n t i  l Ie  suu i i in :i i ’ i i ed  in Fable X l1~. The n i e I i i ’n I  III

~i l o t t i r i g  L is t - I l  iii  i l i e se  f i g u r  ( -
~~~ h I s  I s - c o  -h , ’ s cn  In i n d i c a t e  Ih e p e n a l t i e s  or g~~ni s  in  I - l I P

I t  ly e  In t i n -  1 , - a s i c -  ha i l I n- i t h  a m t - m a I lsio , ‘I’li is I\ l ’ ~ 
(i i (‘n i l i f O l  I i5 ( ’l l  is I li e most  ifle~i n i  li g lu  1

In  II)SOIt i If v ;IItIe of I- ~~i sl  m e  III! i h u l l  f a t t e d  w i t h  , a et i t a i n  (ilInli- h i l t  I IOIISII1O

( ‘ o i i f i g i r r a ! i ’ n  ( l l ) (  not i n d i c a t e  11W e ! R - - I  of t h e  ( loni l -  u n l e ss  it  is I cl I r ed  10 ,1 I l 1 5 R  h u l l .

curlipa a’ i snu  ( I t  oiie doI lu -  n ii 9 i t s  h u l l  n Oh p i u ’t h e t  clottie 1 itil t i l t e d  I’ll 1 (lii 1( 1 t ’ i \ t  lu _ i I I  ‘t 0(11(1

l I lt  j I I ‘ I  I i d  i i l ( l i ( ’ O  I jon ‘f I In I p - I  l iv e t i  t o t  ni;i nc ’ - ot tin il ‘n i l 5  I~~~ :~ ‘. III III  S iigs
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m a g n i t u d e  p t r i p e  e l h I . i  of lim e tIll j I m —i hou s i r i g~ on r es l s l- l l l re  i s  I cr o g n i  -ed rim , ’ d if l i —

culti cs c- an  be c \pe t - I c t .i i n  c - —~t lb h is Im i rig Id ( i t U ; I t I  i u i b u l e t m c - l I l l t i c u l a r l v  c lu e ! ’  -Ipp ei idpgl - i - i

such as —a ’iuaa  dome—- i Il l - Ii l i v  hou — : i i u gs  local ,  (1 IC I I  t h e  botc . ‘ i i t h  a I el I ’ i ’ l i v  s t n . t  I I  I I I , I d ( - I

i s  used in these  t e s t s .  t - ’ ’ r  t h i s  I c , s o i l  - I r l U r  (It in  laedic til ’ns clsuall\ a ch i e v e d  uc j I b  L i i g e m

II , , l c - I -  c a n n o t  Ip e c - \pected I l ls ’  c - t e l  , i i  i s  i m p p l e d  t h a t  the  shapes  pu t he  c I p ?  yes c r I m f ’ p I  e tt € 1 1

geflel I I I ’ , , and tha t e omp — a a i s ons  of th e r e s u l t s  f o l  s im i l a t  domes ind i ca t e  lila t I ‘ I  ( ( V  
~

- W i i i t v  of da ta  nI l - s  P I - h i c y r - li tha  ough most I es r -s i t is a l so  noted t h a i  the el p l i t a -  ‘ i i  c i—c -

or dec -a -eases  in  r e s i s t a n c e  for the  v a r i o u s :I I t C l V h o u s i n g s  shotu i t  ends t u h i c - h  t a  e m m genci  i i  -

rc-a -- i i p~i a I p I t  cons i s t en t

V l- \ a n u i l i I i t i o i u  of t h e  f r a i l  s c - i l e  i esults I c-’ - I s  set c - t a !  t r e n d s  wh ich  a t  c- d sou s sc -p l  I , c h - o

1’ Throug hout  mos t  c)f t h e  sj ’ecd I- :unge - the  i n s t I l l a t i o n  of sonar hous ings  tes ic - , I  in  i l m i s
I l - o g r a m  c- :pu sc- in i I m c - r e  i se  in h u l l  r e s i s t a n c e .  The h o u s i ng  for -  t ime 7 f ee l  l i t  11 I c -c - ~

p i a n o r  a n l I i \ -  i o l - : l l c d  1~ inches a l m o t e the  base l i n t -  i i  m v  housing no . 4 .  i s  an ( - ~\

ception to t h i s  t r e n d

2 ’ In g en e r a l . Is s h i p  speed I n c - l e a  st -s  - the e l len  of t he  sona r ( I p p i l l e - - (In I c-i- - I— ~I - Iiurc --
beco mes smal ler  -

4 For most p i l l  ma i , i i n  hous i im gs tes ted an i m p r o v e m e n t  in I c- Ilol ma nc-c over th e
AN ~QS 2( 1 botu- dome a r u r  r - e n t l v  cased bt time Na \ t  a is ind i r a  ~ed th roughou t t h e  s~ - a -e li
i a IIge - This i n u p r o v e m e n t  is scibsta nt in ]  -11  ion c’i speeds

-l~ Time c i t e d  On Iesis i- p i l c e of 1- a i s i m i g  Ihe  c on f or m i l  7 a i — m na t I r r a t  a l i o t c -  t h e  I , -p- - i~- l i n e
is I p e i ie t  k -  1.1 I t h roughout  mc) st ol the speed i n  imge

HI In genera l - I n  in t l e l s e  in t he  - t - i d t h  of the  r o n l o r - m n l / p l.I nn i a r i  It hous ing  I ; I I i s -~
a n  increase  in l e s i s l - p I u - t -  For the  speed h i i g e  I i  on~ 2( 1 I c, 24 knots  - c I i : t i i g c - - — in
a r i n  tt id th  ha t -e a n  impot  III  ni e f fec t  on i - c-s is t :p tic-c’ -

I~ I t i n -  e l I  en of r i l I l i g e s  in the length of flit r o u t  ol l I l l I I - l a n a  r a i I l \  h ou s i  rig is
mode I I n  I - i  t h e  10- br ot ‘t ice a r r . I t  s - I I I  I n m - i  c-~ se r i m  l e ng th  d , m c - s  m I t  sium ’it ~p il\
c-lc-: p u c c i i  , l l i \ : I I i t a g t . i - i  I n -  1 4 - l o o t  o d e  i i I C , t s .  an m d  n sc i n  I C I u g I h  - I 0 - , s  ~~- i nc -
gIl in ( ( I I  speeds b elOw 2— kn ot s

In a l l  c- as - s .  the  : i d d i l i o i u  ol a n  a l t  m t  h o u s i n g  t e s n l t s  i i  in m C i eI Sc in t i t l I ( p i  s I l l i C i

m d  -1  dl’! u-~~~~~~ o t l t I l i lg  i t n - r  t - - t s e  i n  I r  I c t i n i L l i r t - ~~,s I m ’l c e The III1 . rI of t i e  I i  t I \  h o u s i n g  on

i t -s  i d u l l  I t  r t S l S l ; l  inc dl-p( I1I1S u t ’ m ’ r m  a n u n m l m a r of t~~~- l m u  s t v i u i -  -h in c l u d e  h u l l  ( I i s p i a ( - e r i u ( - n t

-s eed - the p h :a sc i’ei :i a m u s h  Pp Ii t h p - tt a t m  - st ~Ierius Ol— i g 11111 lUg  d i n - I c )  I n -  h u u l l  a r id m i l l )  I c )  t h (

sc ln a  I’ (Ion ic- a t  r - a  v hous i i ig  - the f o r m  a aid i n t e r  h it-a n - , - dr: a g i t  t i m e  do i un -  I l l  ‘ - ‘mm rig - I I  r Id  I I I ,  -

a - I  I ( c t  ( a t  the m l  ‘ 1 1 1 1 -  or I i i  ( l u - s i n g  m a n  r u n n i  aug F r  i lii

I mat  t o r u s  r n i - - ~ i t lu : ,  i t  r C S  I si l l  i i , , - 1 r a s i t l  f i r  l e n t  to c lINt’ 0 l i e  v ia -  I . t i I m  ‘ u i  i n  I I  p I a ~ I

lanc e Th a - tue i a - - a —- a - i n  I i i  P n h tr im u r e ut  s in t I n -  b itt i - i s- ’ d a p nge I ’  Ir  s ’ ’ i t i t -  of h a - (lorl II

is l a i  g a - I t  : i I - r o m l n l e , i  I I ’ )  I n  t l l r s  o a t  ( “ a u u t e t  —I It  - i t i s  m i l l -  I s-I1II ’ - I l p ’ i l i n p a - s i r l u a  art t ,- ~~I - - I .olU -i-
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(lue t ’ l in -  e f f e c t  cf the son-ar  dome ot- a r t - t v  hoc t s rng  o h i c h  ar ( o 1 I l l I D ~ l o i  I i I m p ~~e c- se-s t c h c - i t

in d c l  t a m  -II,eed riuges the  t p ( i : l l I a - s i s t j  nc - c - is i a - s s  rh a i i  t h , a t  o i l time basic h u l l  ot n I h  II rn ’ a  m~ l

l~iutt -

Flit - sigiu it lC,Vll in m I mnvement in  i€’sIsl llidë c~hai i c - t e l  s t ir s  ot -, e t , - I  ,1 m l  th e p m - n t , , ,  m a t

p ianaa - ( i n  Iv hous lu g- s  as compared to the AN SQS-- 211 dome has been n -c - - ’n i - t  i sh -d by ‘ aim -

pa -oving the  h t -d i  ody namic design so t h a t  t h u  I (75 dU I I \ I t V s l  sin nrc- is ( 10fl5 ide ’ a I ‘It I e d m n e d

S m i m e  evidence of i i i  5 can  be seen I p ~ compal  ing Figures  1 ,nd ~:1 t ’ i th F igur e 2 tvh (- I ’

simon s , u ’~t tt~~v€ p r  - l i l a - s  lot’  i r r : u v  h o u s i n g s  numb er  9 :i t i d  11 and  fot -  the -\N  SQS— 21 - t I m e

The l a t t e r  dome pi-oduces - l mc re onounced i m c p l l o o  I nch second ,r ~ lion t’ av a -  i n m m e d i t r e l t

aft  of the boo —t a ve .  The e f f e - l  of c - i m : I u m g c s  i f i  the  tv:~ve p r o t i l c -  , t  the hot-, ~,n s - I ll - Il pen I t - i  in -

aui c-e is not t u l  lv und ea- s l u , p c l  - though  i t  i s  Is - I  ieve d r h  nit I i l i c - n I  rig of the  o’ ‘c 10 m p j  I I t -  ~ i l l

c a u s e  th e bUb b le p a t h  to ( ‘ c ’c Ut f c m n l h u - t  i t  a l c m i m g  time h u l l

l-~x af lu i t i : I l  ion  of f l otc  photographs  reveals  no not ice;able flott separat i ’ll) m i l - ( I l I t  i h g - I- m i

the c on f o rm ,t i  I l i l I na r a l t  - a t  hous ings  the  fl ouv has  a sni~i li  dotv ntc an d  coml n r m e n t  as  ml masses
t he  o ldest i m o m  l i o n  m m i  the donie as can  he st - en  in  F u g u m - cs 30 to 12 F l otu c-h~i m a c - l c - m - i s t i c - s  m l

con~on - mal / p lana  r am i - :mt  l i o n s ’  um gs should  i c- I ‘lu - c - s t  i g - u  l a - d  in mot  c- det:i il c l - s ing  a In gc-l - model

sHe

Since these lc~sls \‘- e l e  condu -tc-ci i f i  s t i l l  o I l e r  - ih c - t e is rio i n d i c a t i o n  ot t he  e f t c - - l  I I I  h i t

t a t  ions arrat housing c- anfi g-cmna tic ns on shi 1p m o t i o n - s  c l i  Ofl sona r fuertonan:I I -Ic-c- i n 1 ~ ( I ’ \ at

As i I r c ~v m 1 ) u s l t  noted - the effect of raising lime p l:tima i ~~I l I l t  I I m ’ t e th e  I I ; l s c  h u t -  oim I c s m ~~l - p  r a t-

in s t i l l  o-ate i’ is  a d v a n t a g e o u s  r 1 ~S b e l i e v ed t h u i t  t h i s  b eat  j l ~~ f l i n t -  I l l - s c )  o t t e r  a f u n  t h e a  :td

v l h i u t l l g e . since the hull mt - self amma~ sc - i  ye to b a t t l e  sonic- ot t h e  n l ’ i s e  r a d i a t e d  i urn t he  110 -

p e l l e m s Time selec t i o n  o ’ I  t h e  v c - l I i n i i I  I c u I l i m ’U ut ~~~ l 1 I i ; l t  , i i 1  I t s  m ust  n u t  , l i t l ime  iii ’ estigatiurl

ui the e l l e n  of ‘ - hm ouges to t h i s  l o c a t i o n  c-n both sh ip  1111 ( 1 s m m u i : l F  i P ( - i t ( ( I I n I n u r e  I f l  0

Tl~e s e c t m ’ ’ i l s  a t  t i m e [p o m ’ p i  d end o ’t t h e  - m p n t u i u m n , i  ~‘ l p n v t r  a a r - ,~v h p a a s r n - ug s h i v e  been

n h i o s a - i u  to p~ m a y  Ide  g’ p m m , l  I- es m s i : p  mi c e lo  fil m -n 1 .1 v I l I l  I ion i nc - m ’~ ‘ I m o ’ m m  l ion I V  ( 1  - flO uime ~l stI~ cumma-ni s

0 ( ‘ I c  l i i -  1(11’ dur i m u g m i m i - s  t - S I  1 m g  I 1111 11 ‘ 1 ,11 (II - I t  i t  I l l -S  u g  n i I I I  i l I (  - a t - l  ‘— 11, 1151  r ig  p - a  ( 101mw

siu t i m e  shou ld  I ,  l l l , t d c  I ’ t l  t i m ’ -  ‘ i s i s  ‘‘I I l l  i n ’  e s l i g I t i o n  ml ( - - I t  u r n  mon
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C O N C LU S i ON S  A N 1 )  Hi - : C O M M I - N l ) A T I O N S

It is f e a s ib l e  to l a b r i c u l e  and i imst al l  sona r I l l - l a y  hous ing  i u i t a h i e  I m p i  n c d c I m a n o t h I t l I I g

i m u i i~ onta l pLa n I- : l i - I - : I v s  t vh i i -h  a re  located t se l l  lor t t a iV d in time sh ip  ‘ I t - : P I  t i n -  l~~-c - l

P m t - ’ i m i a m a r y  i c - s u i t s  of t r a d e — o f f - I l u m a l v s i s  b m c - I ~~ ( -c-f l  sOflJ I c a p a l l i h i t i e s  a rid h v d t od’, 1 1 1 1 1 W

I e r lo I - imr a t r ce  i n d i c a t e  that  time 10 — f e e t  ut - ide I l l I a vs  i l u r l I l l I o l  :I’ed in a r r  at  h o u s m u i g — r m u m l l c -~ 9

and 11 i-epi’esent the lo t-s i  t r a d e — o t t  I)etvv -een 5~ Wi I’ 1 1( 1 l o t  ifl :i  aut - e lund shi} a I c-s i sill t i l t ’  .-\ i : p v

h ousings number  9 a rid 11 have been selected f m l r  f u n ’t h e r  model t e s t  i h g  a t  t I l e  1)11 ’ id i . o l c ’ m

Mo del  Ba sin i1)TMB , in or de t to c o n f i r m  the I m e r l o r n i a n c - ø -  m i - e d i c t  i o ns r e l ) d ) r r e d  i m e r u - i r m  a mmd

to i n v e s t i g a t e  the ef fec t  of a r r a y  housing or’ clonic ik-s i g r u  on ship man euvc - I  rig - d i r c - r t r o r L l  I

s t a i ) i l i t v  - sea keep ing anti ro l l ing . h oc - a l  Iloo- b eh aViol  . and c : l V i t a t i o r m  i r i c - e t i t i u r m

Si l l )  eel to conf i rmat ion  by tests tt i th lar g em - littli models  - tlic- selec~tc-c1 c-of l l l ) J ’r mial  1) 1:1 tia r-

a r i  iv housings 110 i n b e u- ~ 9 and 11 o f f e r  s ig n i f i c - an t l v  improved hu l l  i-cs i s l a r ue c -  rha  m a c -  e m 1 5 -

In - s  in compari son  tt ’ith tiuc- sta ndard AN , SQ S— 2G sona r clonic i tt i  l e imi l \  IN c - cl  Ofi ( I l - s t l O V I  F

t t p e  sh ips This improv ement  c -xis l  s t lmi -oug hout  the speed r : l m i ge  f rom i l l  i~ Ii , p 1 —  Ic ) It) L ium ’t s
T h e  irnp r ov enme im t in  the speed l a n ge between 21) k n i c ts  an t i  25 kt m ots  w i l l  h a t  t a sigiuit R a i l

e f f e c t  on c r u d s  i ng radius .

The locat ion of t he h o r i l ’o r m l a l  p l a n a t -  a r - r a t  above the h : I s c -  l i n e  m i f f  n u  l m i l i o v e c l  ~u u I i

-es istance pem -forr mm an ce - In tim is lo p - :t t ion time hcr l I lii:I~ I l l - s  I se i \c it) 5P l i l t  a - x t e m m t  is a l ’  f i l e

:lga ins t noise orig ina tech :11 time prop c-llers . The best vent ft -I l l l a n - I l l  ~Ofl ol t l m - :t r i at shou Id i a -

selected l l f t t - i  In n then st im II\ a tid t c-v ictu of sea — keel) lu g ic-st dIl I l l  I c - I I  I t s  -

l-~x i - ep t  f o r  the  n ic le s l  h o u s i n g s  l I l t  c - s i  g I l l e d  - ch an ges in al -m v hous riag 1a ug 19 1 1 p V ( -  I I

i e l : a  l i t - t i ’, snma I I  c I f t -n i  on hu l l  res istaik - e Oil ier - con s i t i c ’r a  t naIls such as da t’ (io -ki u l g  - I N

sy s t e m  vu c ig h l s p l I c e  - I l l  : i\  s t t U c t c n l’Iu I a t t a c l m t i i c u m i  ( id - t h I s  . b a s i c -  s h i p  s l r t l c - t u a  , l  s t r - e mi ~~n l o

et  cd t - i l l  must  : 1 1 5 c m  be c - v a l u a t e d  in clete rmmn irrg dmt- n m :m x i m u m  i~t - n i i i l — ( s i i ) l C  l e r i g n i m  ot lu

hor izonta l pia tua r- :1 i i : I t  t r a l i s ( h i l c ( t  011( 1 i t s  ;lss (Il illte p l ho i l s I  mg

The r e s ul l s  o l p t a r n e d  t l ut i m m g  t h i s  ph ase  I let - I I m I g I  p ill a r e  based u pon .r I t t  sI n u t  a - P m 1

in  ale~ e l m i p i n m g  s u i t a b l e  h t ’ t  i i m ~t i t a l  p h I  til l I l I l t  It l m o u s i u i g s  1111( 1 i l l  t ime I t e t  _ l ’ i t e  9- -— :- _
~n l > I ’ h t a s5~~—

s a l - I m e d r l l e d  t I l t  : l P _ ( O f l i p l i s h l l i lent  t t p or i  I a c e l i m I  m t  h i t -  r e s u l t s  ( i f  t h m t -  c a t r r  a - m o l  l I , m t r d l I t  b r ’  \1 o I ,  I

t i l l  s i t u  I ) ‘I ’ M i i ,  l i t  m h m p p i t  il l h u m -  IN— ’ 5 - t’il~ t - ,  n i l  tI a ’~~ ‘c c l  t il t - I her I I l i l l i  0’ a - I l i C t i t  — 01 , ! r t  t in ‘ o i

(ta-sign i I e i f m m a ttia rmc -c ut - In -nm ( - ( a r i u i a l a r a - n l  I t ,  h ut ’ 1 , 1 1 1 1 -  h u l l  i m v d n  ‘‘mit il .Itll i e l’ I - s l - I , l tlCI n a s l u l t s .
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