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1.3.4 DARPA Suboff Model
(Defense Advanced Research Project Agency, ® I & %7 7 3+ 31 %)
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Digits Meaning Digits in | Value in
example example
1st 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
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ek o A &2 R ~tded 1.2 HA540R] 1.10
% 1.2
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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Vents (air out)
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a. # %2 T (Unstable)(control fixed)

(&)

ke T
=

Crriginal path

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

(b Original path

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

with control in horizontal plane)
(c) Orriginal path

k 4
i
i

(§ % 5 critically damped)

d. ¥ & f8 T+ (Positional motion stability)(with control)

5%

id) Crriginal path

B 3. 1
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X =mlu—vr4+wg— .r(;(q: + r:') +voipg — )+ alpr+§)|  (3.1)

V= m[i' — wp 4 ur + xglgp +7) —_\'g(r:' +F3) + zZG(gr — f?J] (3.2)
. . . 2 .

L= m[n- —ug+vp+agirp—q) +yeirg+p) — o (p' + q‘)] (3.3)

K =|'._r_'rfl) + {l'l_r_r — l'l_'l.:l.;lqu’ — {’- + f)q}l'l;_r + (n’: — l?:)lll_'l._: + {.P"" — f:f}l'lr_'l.

(3.4)

4+ m Lvsi-ri- —ug +vp) — (v — wp + ur}]
M =Ly + (ba — I2)rp — (p+ qr)ky + (p: — r':') Ix + (gp — F)lyn a8
_ _ (3.3)

— mxG(W — ug + vp) — zg(i — vr + wq)|
N =I.r+ (lyy — Lx)pg — (g +rp)lyx + (qz — p:) Iy + (rg — p)lx a6
(3.6)
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Y
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B~p >t Gertler 2 Hagen # 1967 & % % 2. 3R 2 - gt = fg 50
# 4 Feldman 2 &+ i °
I 4wy 2 ’ ’
X= EPL [qu‘ + X7 +Xm;p]
I
+ E'DL} X i+ X vr —I—X“qhq]
I 2 ¥ 3 I 3 v r P P ¥ 7 ] T
+ 0L _Xw;r + X[V X w4 X s gt 85+ Xy 83 + Xl s g3
1 [ 9
+ EpL‘ _muz + biuu, + -:‘,ru;]
— (W — B)sin#
I af ’ r 2
+ P2 X[ X +mea§u3+X,3,,,33”a;—’u—]m_ 1) 3.7)

]' fe= (L r ¥ i
Y= EPL“ [YH' + Yip + Y, plpl + Y pupg + quca'r]

3 Y’m + Youp + Y sgulr|dr + Y

3 Y{.f* + Y g+ Y wp+Y,, wr']

1

( S+ n-'z)j I?'l}

+ ¥, vw+ Yipu .ER]

{7+

Yu +}’m+}’

1.||.

+ (W — Bjcuhﬁ' sing

| I
+ EPL YFJ;H’I[.H - I}

I
+ 2,.|:u|'i,

[Y m+}’|”J

1

(1:3 + WE)E‘ + Yr;m?uzﬁg} (n—1) (3.8)
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I r . ’ 3 ¢y 2 ¥
Z = EpLJ' [Zéq +Z,.p +Z4,r" + Zmrp]
+ spl? | Zpw + Z e £ Z)vp + Zjug —I—Z’qmulqlﬁg]

+ =pl? -.z (vz +w? ‘Iql]

o=

(1’2 + wz)

4+ —pl? Z;uz +Zuv+Ziuw + 7w

w(2 00

+ ~pl2|7 0 + 7028, +zgﬂulaﬂ]
+ (W — B)cos# cosg

|

+ =pL? |Z}, ulw + Z,,,

! ,

+ EPLJZQ,,HQW —1)
! 2

+ E L Z W +7

wlw|n W

1
(1,-2 + wz)i ' +z,gs,,a;u2] m—1) (3.9

1 3 ra I ! ! !
K= EPL} [Kﬁ,p + Kir + Kypgr + K, upg + Kmmplpl]

1
- EpL4 [K;,up + Kjur + Kiv + K] vg +K:Ppwp+.’(:p,wr]

1

v (L‘z + wz)I

+ (v W — vgB)cost cosg — (z6W — zgB)cosf sing

1
+ ipiﬁ [.’{;uz +Kjuv + K],

+ K vw+ KERuerR]

1
+ Epfﬁiquz{rj -1 (3.10)

1 ‘e ' ' ! !
M = EPLS [Mf?q + MFF—"PZ +Mpr? +Mprp + M'i'"”qwl]
+ zpL* :M:'»-'if‘ +Movr +M;P”'°]
1 1
7 q}

4
+ EPL M;;Hq +qu|5;u|q|ﬁg +er“.|q

|
(vz + wz) :

+ 5pL? | M + ML uw + M), w

1
7 2% T
W (1" + H-")

+ —pl3 M2 +M33u253+M53u253]

1+ —pl? M| ulw| + M,

+ (xgW — xgB)cost! cos¢p — (zgW — zzB)sin#

1
+ zpﬁ' ug(n —1)

|
- EpLJ {M uw + M,

|
(E + wﬁ) ? ‘ + M, u3s1(n — IJ} (3.11)
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I = [ Th . rr rr rr |
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W
1

(1-: + Ir1.'2) B :}
1

(1-1 - h.'E) 1+ N vw + h’jﬁug-ﬁg]
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I [ ’ ’ TF
+ 3,01'23 Niu? + Nluv + N/ oV
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L
+ EPL4*ﬁ”rrJ”"{7? -1

!
3 i rr
— ;pL [’ﬁ“'1-r;“"'+’ﬁ“'1-|r nV

(1.3 — n-g) T‘ -I—N,;;H”ugéﬁ] m=1) (3.12)

,
(a P
5
:\
N~

BB P SRR =] - SR AR TART R PR 0

/A
1B

FOUEER TG ARM R 4 Gl D % BT R A%k

\

—\\

5, 3

7 o
< Lo

)

AR 23 AR A o T A e g g 2 4] o $0 X 4R F TR

Ul - AR e L T SIS DT -6 AR SRR o F Sag) il 1

1993 & Jensen @ * 2.2 % o |4l 3.2 %7 0 KA B &2 B

.’ﬁ«g] ’ —f“!\g} Eg\,—% ;t s ;13_}4 B e xrigiﬁg&%’rmgg\;_ b & o

24



Yawing moment as function of rudder angle

Rudder Angle (degrees)
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MNan-Dimeansional Yawing Momeant

Bl 3.2 F4i mer i &2 M (2

MR E 4 talhE S 2
(DA 7%

- S R B0 3% (Captive model test) » i F 4% 5~6m 2 =+
WAl e e BN <y ol FIE G B et
Bm2 % RS EiE R 2R FI G R i g
R Rk o K €A M i B e RE

FRSERFE O REF YRG0 7 F &Y gL FEdinit
AARTR%R LEE ok FFaUkig) 0 T ah P R
BRI CFAIPI R BE RELTRAAL o

)
—

T1\4

SO R OE o B BUBRRERIRPE 0 0 - K enipliRad Ak g
@ - R e blhed B Haslar 2 QinetiQ & & » #1 ¥ 2 pliad &
L 10ft/so @ * B T B N E Apke 4 ) 2 B0 0 2 A T

25



AT PR E R PR R P BV A - KL

FPAAERIFEAD A 24 2 BOpR R E A ARAIR
PR L L4 A ro e 412 SRS € BT ¥ 2 S

Flub P R I AT 2 s Nk R ko e TRk

¥
¥l

FNGRETE ERlenfidn 3T) 0 B 3.3 RS A B E e AT Y

—\

Y
&

B2 S AL e 34 o SR e B

‘T
\
e

J

Bl 3.3 A mH At T™ 32 7% >0

| FEEE 51 KF ACE (AWailer Inieriaoe)

Al Loadicl ol Laadeddl

Padsian sl Studs
LE% L =

CENTEELINE SECTHMNNAL FEOFILE VIEW

Bl 3.4 te4B5 2 7 %> ;¢

PRI RE S S M A Y - R 2 E R L EAHE
26



ML B RIRROE S /A2 R)

ST HEINREHERAALZA B EGRE Y, N, E > B35V E
B i T A RS ERZ A T ALE Ta b AR
Bk A R KRAS o LT EAL A ER RN - A R(F KT T
BAFEP AL E R R - R ) T RS A R

4R o e A IRA 2 RURH TR A KR T 2 SN pE s 4

Bk TG A BRSOk R B2 N 0 & TR (TR AR
ZREE AP INEE T D R BB R AGR o
FEEPARD 22 i lE 4 o deZ, ~ M, F > PIERCA B

>—L
s
2
Yot

i g 2 4K > WAL T LACRER o

PRl R R E F kAT 0 4oB 3.5 ST

lr(F

Rowm#EAR(NVAZLZAY RRFEE%
gt b+ ¢ o FRAREEE kg S p R o R (38T @

2(3.13)50

27
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BB F Y o ITHACRER > LB R 2 rpm ik p SBho PR 2}

024 0 4 (L)DN(FAMESFL )L DNACrEd 4 LA F)2

gt

E4 0 R AeT
1
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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.F) |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. 1.8.1
Heave force as a function AT R 3 309 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* . 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 Zigl [m_gm“ (z“ — m’}] 2545
Stern planes pitch effectiveness Mg/ [(EIDCI 1L2) (M:F _ f{-\)] 0.2-04
Bow planes heave effectiveness Zinl [{EI.E"D 1Ly Z,, — m"j] 0.7-1.7
Bow planes pitch effectiveness Mip/ [{D.ﬂﬂ]sz (M; _ f{-.,)] —0.8 1002
Rudder sway effectiveness Yig/ [{l'.]l_D'D IL)(m' — 1"':]] 3.0-5.0
Rudder yaw effectiveness Nig/ [(0.001L2) (N} —11) | 0.2-0.6
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Fig. 3.51 Tuming circle
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# 3.10

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

Trial

Number of variants
(for each speed)

Number of speeds

Approx total time

Overshoot (zig-zag) in One to five sets of plane |3 844 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 ] 845 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. 4.5 Resistance PMB Hull
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Fig. 4.11 Typical aft
arrangement of propulsor
and control appendages
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Fig. 4.14 Submarne model being tested for resistance in a wind tunnel (courtesy of DSTO)
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Fig. 415 Schematic of
submarine being tested close
to the surface using the two
strut system —

Fig. 4.16 Schematic of
submarine being tested close
to the surface using an aft
sting support
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submarine being tested close

to the surface using a single
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§
E 0.5 w—— Prop/Hull diameter = 0.4
w (B &R, 1938)
X 04 ~ = Prop/Hull diameter = 0.5
= (B & R, 1908)
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= (B &R, 1998)
'—

= === Prop/Hull diameter = 0.7
0.2 (B & R, 1998)
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Fig. 5.3 Taylor wake fraction (adapted from Burcher and Rydill 1998)
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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. 5.8 Pumpjet on
submarine model in the
cavitation tunnel at SSPA
{photo by Sven Wessling,
courtesy of 5SPA, taken
from: S5PA 1993)
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Fig. 5.9 Schematic of post-swirl and pre-swirl pumpjets (flow direction is from left to right).
a Post-swirl pumpjet. b Pre-swirl pumpjet
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Fig. 6.1 Types of sail (adapted from Seil and Anderson 2012). a Foil type. b Blended type

® 6.1

Pl ot dedp a3 AP o A BT odB g G e kE B X

[}

R RS R R S R S R
2R B FHEE o

2Ly £ & e E Y AU EAR R ek F B T ] FI3R0R

NN

7
=

e T g R BHRRE S JlEE A 2 B
B2 P Gl $ATCR wosp ey Ry B AN]SR T R D
558 G R0 o R Pt ESE(FP)0.2~0.3L Ao v BT rL 0 8 s AT

BA A TR S o

A AR L F AN ke ﬁé‘rﬁ:‘a N I i #»}; T ONE e L F)

BT R S IIE AR B R AR T R4S 0 TR 2



Bgred o p kG FLRERERY TR X BT parEppd
IR R Aok T g B e BRI £ Al epfe 4 B4 5 R 4
BT LA MK R P G A B G B bR endiR R G fi

VL o] 6.2 47T o g R - B R ICE § R 6] o

Fig. 6.2 Companson of fin

Cross sections ¥ |1l
I:-.{/Dullinc of
v foil sail

_." | 1'._ Outline of
: blended sail

B 6. 2

BEARR LAY A4 2 e R R R L 2T R

131



TR EBERE - BrOoTE SR ITMRe 4 el K

IR

FdF o Blde— B © R L ARl o G

P
A
I
|k
=1
\3;

3

T

3
i

Bool it BEORIRG - ST E P R - A RML R

(tip-vortex)z #*¥ g it ehe B 5 ¥4 8 4 4 a0l I"l} S S

iTX < e

L

N

At b RS TR M A RP B AR E YR
TR 3 E Rl 2l N R e B(pivot point) 0 B G BRed Tk T iE
FHPFT R R d TR e A o

PR LA A R AT R R 0 A e A

—_\\
L

A
=

';I:_Z-i\a'ét o

(a) ¢ &% 44w (Midline plane)
(b) Ja B i % (eyebrow)$:#] &

(c) ™= =% 4l

132



Fig. 6.3 Possible locations Sail Plane Evebrow
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Fig. 6.13 X-form configuration for aft planes. a Schematic. b View from astern
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(d) &4 4iE% 5 @ (Pressure-side tip-vortex Caviation)
(e) #iff %% ¢ (Hub-vortex Caviation)
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