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1.3.1 58 ,: 7| (Series 58)
4 % ® DTMB (David Taylor Model Basin) & #12 e 4 4R 5 4 e %
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e = @ X + ayx? + azx3 + aux* + asx® + agx® (1.1)
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1.3.3 DRDC (Defense Research and Development Canada) & % 447
PR R - 2 Al SSK A o) 17 Fr7 o4 Bz BBk A

T hl T TR R (SR o A AHA 42 L/ID=8.75
(SSK: Hunter-Killer Submarine » % /& & i¥ {4 & )

Tail appendages, z
four identical, NACA 0015 auISJSI.;
Dimensions, offsets r
a: 0.625D given in text
b: 0.5D
c. 10D
NACA 0020
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1.3.4 DARPA Suboff Model
(Defense Advanced Research Project Agency, ® I & %7 7 3+ 31 %)
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] 1.8 DARPA Suboff #-3] #t 4]

Suboff #-4] % - #hitfdp 4 > 2 & 4.356m > &+ 2T 5 0.508 m
v H (£ R 5 2D (1.016m))

Ak &
e = (D/2) [1.126395101 x (0.3x- 1)*+0.442874707x%(0.3x -1)*+ 18)
1- (0.3x-1)*(1.2x+1)]¥21 '
(Oft < x < 3.33333 ft)
A 2 @
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WL F a8 (£ R 5 439D (2.229m))

A4 Tk
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[r,§+rhKuéz+ (20_20 2, K()—gKl) &4 (—45+45r2+6r,Ko+K, ) & (1.10)

1 1/2
+(36-36r; —4r,Ko— K1) & + ( 10+ 10r§+rh1<(,+§1<,) :"]

He oy =01175 ; Ky =10 ; K, = 44.6244
13.979167 — x
~ T 3333333
(10.645833ft < x < 13.979167 ft)

AR A T K G

r =0.1175(D/2) [1-(3.2x — 44.733333)? ]2
(13.979167ft< x < 14.291667 ft)

ety
Suboff 3 — #~¥ Hdydz + = > H &% (leading edge) 3t 3y £-4% 0.924 m
(1.820D) 7 k& % (trailing edge) P&t 1.293 m Fpt ++§ > £ % 0.368m (0.724 D)
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TEa gz FleaAl 2 (S8 0 g 41 # 0 5 - A NACA & 7 X AR > 4o
1.9 #171 :
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Digits Meaning Digits in | Value in
example example

Ist three Ratio of length to diameter 105 10.5

4th and 5th Ratio of fore body length to overall length 25 0.25

6th and 7th Ratio of parallel middle body to overall length 70 0.70

8th and 9th Ratio of distance of leading edge of sail from 35 0.35

bow to overall length

10th and 11th | Ratio of length of sail to overall length 17 0.17

12th and 13th | Ratio of height of sail to diameter 80 0.80

14th and 15th | Sail foil shape 25 NACA 0025

1.3.6 Joubert/BB1/BB2

iEH_d Joubert(2004 > 2006) & ;& B {04 dieh— % 4] SSK e A K 3
SRS Y KA RS R £4 % BBl @ BB2 P& #- BBl
2SI E G & el (Frr Az KA o 1 B2 % dedk 1.2 ¢HA540F] 1.10

%12
Dimension Full scale value (m)
Length overall 70.2
Beam 9.6
Depth (to deck) 10.6
Depth (to top of sail) 16.2
Propeller diameter 5.0
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(a) 2 B % (Main Ballast Tank): * %3 iFZ4eT B 53 Ko
2 FEHE

(b) #=#r 2 4 % 1% (Trim and Compensation Tank): {4 8-up >

ok TR @ R T

§21 B 1% (MBT)

MBT i@ ¥ & e/ 4 L2 h 3% foBae™ s > K7 A d i 2
BRAGHE o PR d AIRARILE > 2D b2 BEF IV o def] 2.3
T2 r RV A EEA kR B PRRR LG o B XS ¢
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T B A F1€ FHEw b2 nH o ] kI TR €514
A2 B (over-pressure ) 38 % K o F£ & K7 3E o o

Vents (air out)

.f";/ ﬁ\\ Fwd MBT

1l -
Aft MET% Pressure hull @

NN 7

Flooding holes (water in & out)

B 2.3
§ ¥ 2 A R A%
B EORAR R B R 0§ BT N dma 2 R
BEUAL G FROE ORI ERY o £G5B 2.4 %77

(7o kR R SRR R R RS 2

TERERFTEEE LRI

Aft Trim Tank I,l'— Fwd Trim Tank
= E/j
,/'F .

Aft Compensation Tank Fwd Compensation Tank

Rl 2.4
TR b R 1T LCG fhr B A vl R AL B 1S
A5~ Ay o gL ?}g{gﬁﬁ‘;};'%x P2 A ERBE %ij GRS
B oo R BALEEEL T S G - B TR 0 T PR ok
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A AR E R 2 R BT ICREREE > B A 1% (Hard
Tank) » % R 7 & #c7° #% (Soft Tank) o * kAf iff ex ¢ Béef £
0 ROFHA B FS v &R BIHIVRER > &R BIFK
PRERY OGS MR AREF A RELA G UYL RER
2k > % F &G - R T4 A (SOP) & a2 -
B RAFRE w2 K% 7 R R G U REE
BMOLT BB IORERY 2 S R AT
skt % # B (Trim Polygon )

BBESERR PR B 0 6 JF A RATRR T 2 e iR A

AT 7 R e ey LCGCLERTRLZEIDE

Foo Flpt & RT3 ¢ 5 3 B k4R ARL o 4o ] 2. 5(a)

& E - All full
F -l
Mass G
L
H
H
A - Al empty
Al Forward

B 2.5(a) ¥ % 8 HE
(% Trim tank 5 AT 4% » 22 R Ed h3miEis)
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B 2.5(b) 2 ¥ R®B 2. 5(a)z & g Mz f23 B

AR Tran Tank E 1 Fuwad Tromn Tank

— S~
AN Cinmpensaton Tank Fowdl € crmrmpa: st s [ ank

A — AN Empty

ART T " i T :
_ ik 1_1‘ l'\-_:l_f i Tank
e e )

A A Comrmpansaton Tank Fuwd ormgper it wem Tamk

B Fadlrim Tank Full

AR Trom Tamk f_'l Fwd Trom Tank

—
AN Compe msalion Tank Fuwd Comgpensatioen Tank
C— Fod Comjp Tk siod Fead TUrlm Tk Full

AR Trds Tanlk 1(_1 Fwwed Trom Tank

—

AN C ormpe measliom Tank Fuedd Conrgpemassiwen Tank
= AR Trim Tank smd both Comp T an ks Foll

AR Trem Tank J.f_'l Fw:lf‘l‘nm Tank

I
AN Corrmpensation Tank Fowd Comrgres i sovrn Tand
E - Al Full

AR Tram Tank J) Fwd Trim Tank

e

AR Cormprensation Tenk Ford Caorvrgpee mmast oms Tan'k
F = Fwd Trim Tank Empty

e

AN Trm Tank r 1 Fuwd Trim Tank
i

- o m“-\' . :)

AR Comrypreyoss Do T ek Fwd Comgee isatiaon Tank
G = Fowid Comp Tank amd Fod T rim Tank Empry

A Trim Tank r 71 Pwal Trien Taak
e _’__.i_
—
AR O omry peeerra oen Tk Fued Comrgpre taaiion Tank

H — Both Comgs Tasks amd Pad Trim Tank Eisply

Bl 2.5 (b)
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Afi 0 Forward e
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Bl 2.6 (a) Bl 2.6 (b)
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G:M on surface
Minimum BGg ;
_,_,n-, BG; submerged
B | et | |
(Dl-h L
:a‘ Fully
b= Lightest = submerged
- :
e surface :
E draught - . -KB
o -~ BM
_____ i — KM
T - KGF
0 —_———— - —:
4 5 6 7
Draught (m)
B/ 2.7

SR Y A5m v ok B o] gaug ok 0 ) 5.5m v ok B E ARG
€ 2 rck o @ SRR T K 2~ KR 0 BB 2 G M >
0> & 2BGp>0» = 2 » K2 BGp>0 » & AL TP o

(KGp 3 '3 p d %o 12182 AG)

PV -AAFRMETAR  TEFI ke 5 - kPERY
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bg> KGr X mg
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IR FRSEEV
s 2 R AFLA S R G A AR 0 R B X 7 b B RS2

2.

EhoaT b Bpd BREF w2 2 ¥ 3R Al pEiT
Pero BoRGAE - e AT BaE@ T ORE S e
B 3.1

a. # %2 T (Unstable)(control fixed)

(z) Original path

b. ® & 4% = |2 (Straight line stability) (control fixed)

() Orriginal path

c. > = 4& T+ (Directional stability) (control fixed in vertical plane,

with control in horizontal plane)

(c) Original path

k4

(% % 5 critically damped)
d. =% & & 42 < |2 (Positional motion stability)(with control)

iy Orriginal path

B 3. 1
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F_*

B AESERA £ R > FIA T AR A5 R as kP EITRE

N REE T G R R A BRI T AT R R

3o
AR T TG @d o g ipdl2 ke (Control fixed) » # &= «h
TR ER AT BT TRREALT - FHREATIER

=1
—

Fho R ERET G AETA 0 PG F R e ks T

|~

A E PR A E - ) S e T v )R

w0 3 F gy Ad 2T #F -k 4 (hydrostatic force)z #5  #& &

-
]

s
S

AR E T R R e i 2. B S A2 4e(3.1)~(3.6)FT o i

R Bl 2 Aeip B E 4 TR
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X =mli —vr+wqg—xg(q> + %) +y6(pg — i) + 26(pr+q)) (3.1)
Y =m [1 —wp+ur+xglgp +r) — vo (rz +p2) + z6(qr — ;"))] (3.2)
7= 111[1-1-‘ —uq+vp+xclrp — q) +velrg+p) — 26 (pz — qz)] (3.3)

K = ILap+ (L. — Ly)qr — (i+pq) L+ (r* — @) L. + (pr — §) 1y

. . (3.4)
+myg(W — ug+vp) —zg(v — wp +ur)]
M = Lyg+ (L — I;)rp — (p+qr)ly + (;)2 — )+ (gp — 7)1, (3.5)
— mxg(W —ug+vp) — zg(it — vr +wq)] -
N =I_ir+ (I)‘)' — Iﬂ)pq —(q+rmp)L; + (qz — pz)ln. + (rg — p)lx (3.6)

+ mxg(v —wp 4 ur) — yelit — vr + wq)|

TRECErEE Y s PP 2 xo =y, =00 FREL A

Z

Y

g::-ré,t‘,\‘;__'- ’E'JZG«HI
XY Z Ko-MoNAS®ERGES  BH AR B WK
a[—g;_,\(:‘h,ggﬁaz! o U’V’W’p :q ;rE'J/n\Vv'JP“%\Mg’*fﬁg’i{i

ko B RS ERZER

Ointld + (&1 B3k)

deoRm Ay & - R AE R AR Y PR ST 4 SR R E e i
SR 0 T U - B Rl HeF N R A r 0 @ ipl TRl i ¥
PRS2 kR RAL TN - BERE g R -
BEERS KA T P2 B © R A 7RG 4 S BN -
i’%Fi%%ﬁi%w%ﬁﬁﬁ%g&ﬁﬂﬂyﬁnkaﬁ%
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Fli Al =9 B/ AT d e FILALE T AT G

WA e H 2 GllcE o FAR R BLEPF D EEHGy &
— B 0 L B S et T2 R (i LA
oo 1T RS G 4 2 AT B o0 B G cnlBicf 0 Bgs. (3. T)-
(3.12)B~p ** Gertler % Hagen & 1967 & % % 2. 3F 2 o igdt 3 fg ;3¢

21979 # 4% Feldman 2 &+ i o

Gertler M, Hagen GR (1967) Standard equations of motion for submarine simulation.
Naval Ship Research and Development Center, Report No 2510, Washington, June
1967

Feldman J (1979) DTNSRDC revised standard submarine equations of motion. David
W TaylorNaval Ship Research and Development Center, Ship Performance
Department, DTNSRDC/

SPD-0393-09, June 1979

1 2 r ’
X =—plL? [Xéqq‘ + X+ errp]

2

+ %pLJ :XE{.& + X vr + X;.qn-‘q]

+ %pL: X+ X[ 4 X WP+ X sgt®83, + Xi5,%03 + X s}
+ %pLE :m-uz 4+ bjuue + r,—ug]

— (W — B)sint/

+ %pL: :X:w V2 XLy WP+ XfgsmoSau + X;m,afuf] n-1 @D
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I re v :
YZEPL4[YFT +Yip+ Y, plpl + Y upg + Yr‘i’r]
1
+ —pl? ]"’1=+ Yigvg + Y. wp + Y'.rwr]

2
1
2
1

1

(1+wjqu

v (vz + wz) '—I— ]";“.vw + ]"gﬂuzrﬁg]

+ —pL3 ]"’ur + Youp + Y sgulride + Y

+ EpLE ]";f,.l3 + Yiuv + Y‘:Ii'

+ (W — B)cost sing

1 '
+ EPEF:-;?WW -1

1 7 7 % r 7
+ EPL_ []’ wv+ Y0 (v‘ + wz) ' + Yagqﬂ_aﬁ] (n—1) (3.8)

I roa ) 7 r 2 ¥
Z = EPL4 [Z&,q +Z,,p + 24, + errp]
+ 3oL | Zi + Zipvr + Z[,vp + Zyug +qu|53u|q|ﬁg]
|
(«ﬂ +w ) ]

+ —pl? Z’u2+2’m + 2 uw+ 27

W

1
w('u2 + wz) ?

+ —pl? -}'&",:_Il,v3 + Z; u”8, +Z£Eu255]
+ (W — B)cos#t cosg

L
+ 5oL an;'ll |

b =

W

|

()]

X ’
+ —plL lelu|w| + 7.

1 ,
+ Epszqnuq(n -1
. 1
2

wiw|n W

|
~plL? [Z uw + 7, (vz + wg):" +Z§sn3w2] n—-1 (3.9

1 5 r o I ! r
K =30l [Kﬂp + Kl +Kipqr + Kopg + K |p|p|p|]

1
i
+2p

K;,up 4+ Kjur +K,v + K;qvq + K:‘r.pwp + K;rwr]
1
+ spl’ [K;uz +Kuw +K,

1
3 v (vz + wz)‘f

+ (v W — ygB)cost cosgp — (zgW — zgB)cosf sing

+ K vw+ KERHErSR]

1
+ Epﬁﬁinuz{r} —1) (3.10)
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1 s 2 2
M=§pL- Mg+ M, p*+Mpr +M;prp+M;|q|qlql]

4+ —

1 -
szﬂ' Maw + M vr + M vp
|
ZP
1

+ —pl? M g + M|y sulqlds + M

wig

(2 +42) L]
()]

+ L3 MV MR + Mgﬂuiag]
+ (xgW — xgB)cost! cos¢p — (zgW — zzgB)sin#

L} M;ul +M uw+M,,

+ —pl’? o] My

1 ,
+ EpLﬂ'quHq{:r} —-1)

1
+ EpLj [M uw + M,

w|w| J;l

|
(v3+w) ‘+M5mu 5s1(n —1;} (3.11)

I
N =§ijj [J‘\- r +hpp+h qp-:;‘-l-:i'\'qrql' + Nl |]
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+ ;pL’i F"r ‘u* +Nluv +N!

1v|

I r¥
- EpL4hrnur'{r} -1

I 1 ]
+ EPL [h uv 4+ Ny v

|
(ui + wijf ' —|—N§Rﬁ,u25;¢] (-1 (3.12)

¥R f dE SR pE o =] - d M AR AR PR > T

BT R e AT ARM L RS 4 T % el

-\3'§\

DN S

AR 23RN (3 T)-(3012)E AL 3 Ay E 2 407 o

X AR A ERF FR L -

26



Yrs = Yro— YvXe

Nre = Nro + YyXe? —NyoXe — YroXe

Nve = Nvo — YvXe

Lge = Zro — ZwXe

qu = Mqo + ZWxGZ"' MuyoXs + ZquG

Mwe = Mwo — ZwXe
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Yawing moment as function of rudder angle

Rudder Angle (degrees)

40 a0 a0 0 10 20 10

Men-Dimensional Yawing Momeant
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]' r ry =
Zn(t) = EpLE [(Z, — m")W]
+ l LE Zf 2+Z-’ ,+Z.F .| |
2,0 LU kW wiw|WIW

|
+ sz |:Z|H|H|'r‘r|+ ww W 2] (315}

(2 o Feheda| 2 6 28 Y F=ma @2 > %
_Zm (t) + Z I:Hydro =ma )

FEI S-Sl N 41“]—7]’?_3 BT o, HgMS feNw g g

Zn(t) = % pL’[(Z}, — m" )W) + = pL*[Z,uw] (3.16)

1 4 ! Pof o s 1 3 !
M, (1) = EpL (M, + m'xg)w] + EpL (M|, uw] (3.17)
Bk T 5 @ ZEH
R
Z = zosin wt (3.18)
W = ZpwCos wi (3.19)
w = —zngsin it (3.20)
Pld B 52@d g 4 &Rl 4 7L kx4 o e Api= L T (i

phase)£ 7 = 4p (out of phase) - 1. e.

Zy(t) = Ziy sin wt + Zgyy; cos wt (3.21)

M, (t) = M;, sin wt + M,,; cos wt (3.22)

#-(3.18)-(3.20) % » (3.16)-(3. 1) £(3.21)(3.22)+* ¥ srif
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5 L3707
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W %pLBHz()&J (3.25)
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! L In ]
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Bl
6 = Bpsin wt (3.27)
q = Hywcos wt (3.28)
g = —6pw’sin wt (3.29)
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(Y, —m') = T o Duvow (3.38)
(Y. —m'xp) = —ﬁ (3.39)
(N —m'x};) = %pﬁﬁ (3.40)
(N;—1I) = —ﬁ (3.41)
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Zsp = 7 pVE Aptaneyo Clsg (3.62)

Msp = %pVE?AplanebowxbowcL(gB (3.63)
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Table 3.7 Additional coefficients required to represent the effect of the free surface on the
hydrodynamic heave force and pitch moment

Effect Coefficient Equation | Comments
Heave force as a function Z,(H*.t.Fy) 39 This coefficient already exists
of distance from free surface in Eq. 3.9 due to asymmetry.

however when operating close to
the surface it will be a function of
H*, 1. and F; as discussed in sub

Sect. 3.8.1
Pitch moment as a function | MJ(H*.t.F)  |3.11 This coefficient already exists
of distance from free surface in Eg. 3.11 due to asymmetry,

however when operating close to
the surface it will be a function of
H* 1, and Fr as discussed in sub

Sect. 3.8.1
Heave force as a function ZHH T F) 3.9 This is a new coefficient. When
of trim angle operating deeply submerged,

trim angle does not influence the
hydrodynamic force, however,
when close to the surface this
effect needs to be taken into

account
Pitch moment as a function MI(H* z Fr) |31 This 15 a new coefficient. When
of trim angle operating deeply submerged,

trim angle does not influence the
hydrodynamic moment, however,
when close to the surface this
effect needs to be taken into
account
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Table 3.8 Recommended range of stability and control indices (taken from Ray et al. 2008)
Parameter Expression Acceptable range
Vertical stability index Gy 0.5-0.8
Horizontal stability index Gy 0.2-04

Stern planes heave effectiveness Zis/[(0.001L) (2], — m')] 2545

Stern planes pitch effectiveness Mg/ [[Q.DEIILE] (M:ef _ f_{'}r‘)] 0.2-04

Bow planes heave effectiveness Zinl [{ﬂ.ﬂﬂ 1L)(Z), — m’]] 0.7-1.7

Bow planes pitch effectiveness Mg/ [{D.Gﬂ]sz (M; _ f_{-v)] —0.8t0—02
Rudder sway effectiveness Yip/ [{EI_DI.']U_.} (m"— !I"':j] 3.0-50
Rudder yaw effectiveness Nig/ [(0.001L2) (N} —11) | 0.2-0.6
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# 3.10

Table 3.10 Typical definitive manoeuvres used for submarine trials (adapted from Ray 2007)

Trial Number of variants Number of speeds | Approx total time
(for each speed)
Overshoot (zig-zag) in One (o five sets of plane |5 82 h dived
vertical plane (dived) angles for each speed,
repeated using bow/
stern planes alone and
in combination and for
both rise/dive
Meander test in vertical One; repeated using 2
plane (dived) bow/stern planes alone
and in combination and
for both rise/dive
Overshoot (zig-zag) in Four sets of rudder 5 8% h dived
horizontal plane (dived) angles for each speed;
repeated for port as well
as starboard deflection
Turning circle (dived) One to two rudder 4
angles for each speed;
repeated for port as well
as starboard deflection
Spiral manoeuvre in One 3
horizontal plane (dived)
Overshoot (zig-zag) Two to three sets of 3 3 h on surface
manoeuvre in horizontal rudder angles for each
plane (surfaced) speed: repeated for port
as well as starboard
deflection
Turning circle (surfaced) One rudder angle for 2
each speed; repeated for
port as well as starboard
deflection
Spiral manoeuvre in One 3

horizontal plane (surfaced)

Grand total

20h
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Fig. 4.3 Schematic of axisymmetric teardrop hull form
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Fig. 4.6 Inner pressure hull Circular section : ]
with outer teardrop hull inner pressure hull Light outer teardrop
/ shape hull
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Fig. 411 Typical aft
arrangement of propulsor
and control appendages
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Fig. 412 Wave pattern and associated wave resistance for submarine close to the surface {(cour-
tesy of the Australian Maritime College)
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(c) Trip wire on wind tunnel model

(courtesy of DST Group)

(d) Hama strips on towing tank model

(courtesy of AMC)

(e) Trip studs on towing tank model

(courtesy of AMC)
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Fig. 4.13 Typical
arrangement for testing the
resistance of a submarine
in a towing tank -
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Fig. 4.14 Submarine model being tested for resistance in a wind tunnel (courtesy of DSTO)
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Fig. 4.17 Schematic of
submarine being tested close
to the surface using a single
strut support system
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B = arctan(V—) (5.b)

(5 c)E o P RSEkZ TR

fr=tip . |a |f(9 r)dOrdr

WOF = =% (5.¢)
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*van der Ploeg A (2012) Objective functions for optimizing a ship’s aft body. In: Proceedings of the
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(COMPIT), Liége, Belgium, pp 494-507, Apr 2012

*van der Ploeg A (2015) RANS-based optimization of the aft part of ships including free surface
effects. In: Proceedings of the international conference on computational methods in marine

engineering, MARINE 2015, 15-17 June, Rome. pp 242—-253
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= (B &R, 1998)
'—
= === Prop/Hull diameter = 0.7
0.2 (B & R, 1998)
o1
10 20 an 40 50 60
Tail cone angle (degrees)
Fig. 5.3 Taylor wake fraction (adapted from Burcher and Rydill 1998)

®] 5.3

Hoe T 538 3u4 > Rpbdpdied

SR l/é"gtﬁ Yripdh & 2 L3 #E e 3 e gm0 /LE"J(Dpropeller/Dhull)

FOB o AeB 5.4 0T o (HARsLddy AR b)

132



0.3

0.25
—— Prop/Hull diameter = 0.4
(B &R, 1998)
S 0.2 = =  Frop/Hull diameter = 0.5
8 B &R, 1998)
3 rop/Hull diameter = 0.6
5= (B &R, 1998)
2 015 - == =Prop/Hull diameter = 0.7
= (B &R, 1998)
3 - — - Prop/Hull diameter = 0.4
= - (K & K, 2001)
0.05
0 -
10 20 20 40 S0 80

Tail cone angle (degrees)

Fig. 5.4 Thrust deduction (adapted from Burcher and Rydill 1998, and Kormilitsin and
Khalizev 2001)
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Fig. 5.5 Hull efficiency (using data from Burcher and Rydill 1998)
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Fig. 5.6 Display model
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5.4 Other Configurations

5.4.1 Contra-rotating Propulsion

Contra-rotating propulsion consists of two propellers rotating in
opposite directions on the same shaft. The aft propeller recovers some of
the rotational energy imparted by the forward propeller. Thus, in principle,
the propulsive efficiency can be much greater than for a single propeller.

Contra-rotating propulsion was used successfully on the USS Jack
from 1967 to 1989, demonstrating a 10% increase in propulsive efficiency
(Dutton 1994).

As contra-rotating propulsion spreads the load over two propellers
the blade loading is decreased, and hence cavitation is reduced. In
addition, the propulsor rotational speed and/or the diameter can be
reduced, again improving cavitation performance. However, not so much
is known about the non-cavitating acoustic performance of contra-
rotating propulsion, and it is not commonly used for submarines.

On the other hand, contra-rotating propulsion has been common in
the past for torpedo propulsion, as shown in Fig. 5.15. This is partly due to
the reduction in the rolling moment that would be caused by a single
propeller. However, modern torpedoes tend to use pumpjet propulsion
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Fig. 5.15 Contra-rotating propellers on a MK 44 Torpedo

5.4.2 Twin Propellers

In some cases it is desirable to use twin propellers, which also
improves the redundancy of the propulsion system. Examples of
submarines which use twin screw propellers are the Russian Delta and
Typhoon classes.

Changing from a single shaft to a twin shaft power plant of the same
total output will result in an increase in nominal displacement of 10-20%
(Kormilitsin and Khalizev 2001).

As with all propulsion types, the inflow to the propellers is vital to
their acoustic performance. Thus, when twin propellers are being used on
an axisymmetric submarine the inflow can be improved by flattening the
after body, to result in a shape somewhat like that shown schematically in
Fig. 5.16.

Fig. 5.16 Configuration for
twin screw arrangement
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Profile View

Plan View

5.4.3 Podded Propulsion

Podded propulsion is used for a number of surface ships. It normally

comprises an azimuthable(T] 8 & 75 {7) pod(3Z » HAE) enclosing an

electric motor. Generally, the propeller is arranged ahead of the pod in a
tractor(#5[#) configuration, and therefore in undisturbed flow, as shown
in Fig. 5.17.

Such a system could be adapted in the future for use on a submarine,
particularly for a twin screw arrangement as shown in Fig. 5.18. Note that
the pods make it possible to line up the propeller axis with the local flow
direction. In addition, if these pods are azimuthable, then these could
replace the stern planes. However, various issues such as the electro-

magnetic signature(Z& 14 EH5%) and shock resistance ( B KHYFH JJ)

would need to be considered before being used on a submarine.

Fig. 5.17 Podded propulsion

for a surface ship j \
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Fig. 5.18 Plan view of
possible podded propulsion
layout
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5.4.4 Rim(###%%) Driven Propulsion (&= 1828)

With rim driven propulsion the rotor in a duct is driven through its
tip using a permanent-magnetic electric motor, rather than using a shaft
arrangement, as shown in Fig. 5.19. (ff)

Fig. 5.19 Typical rim driven
propulsor (for a transverse
thruster on a surface ship)

The lack of a shaft improves the flow into the blades and hence can
reduce vibration, and subsequent hydro-acoustic noise. In addition there
is no gap between the outer edge of the rotor and the duct. This results in
improved cavitation performance, compared to a shaft driven design,
which must incorporate this gap. The inner portion of the rotor blades,
which has the lowest velocity, is where the “tip” is, so the resulting
vortices will be smaller in magnitude.

As the rotor is driven independently by its outer edge, contra-
rotating rotors do not require the mechanical issues associated with a
shaft, as discussed in sub Sect. 5.4.1. Also, the rotational speed of the
different rotors can be independently controlled. (7 [a]#E s o] & 17 $2¢5])

Finally, since the rotor is driven by a permanent-electric motor in
the duct, it can be configured in a similar manner to a podded propulsor,
and can be fully azimuthable, if required. Alternatively it can simply
replace the single propulsor on the axis of an axisymmetrical hull shape.
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Fig. 6.1 Types of sail (adapted from Seil and Anderson 2012). a Foil type. b Blended type
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Fig. 6.7 Cross section of
eyebrow plane
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Fig. 6.12 X-form

configuration for aft planes

(courtesy of DSTO)
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Fig. 6.13 X-form configuration for aft planes. a Schematic. b View from astern
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