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Motivation . \
Increase my knowledge in propeller design
As a complement of the normal propulsion lectures

Solving a real case of propulsion problem

Understand the Lifting-line method with surface corrections

Developing strategies in CFD propeller analysis

Final aim: to decrease the dependance of the towing tank test
and cavitation tunnels.
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PROPELLER DESIG STAGES =g
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Definition of the problem \ =
Lpp m 125 1000 —4—Resistence
800
B 21.4
" R[KN] jgg // R; =476.08[kN]
T m 85 gl
200
Volume mé 14758 0
14 16 18 20
Engine type - MAN B&W 5 S46ME Vs [knot]
RT
T= = 604.55 [kN
Break Power kW 6900 MCR Py = Py Mnare (1 — S) -0 [kN]
RPM - 129
P,= 5747.7 [kW]
D )
nshaft . 098 Ap (U3 TO03DT o6
A, (po—pv)D?
w 0.3144
t 0.2125 C d 0.71
. TFI- = = .
v 2p? g
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L. Advanced Design —
Definition of the problem \ =
Lpp m 125 1000 —4—Resistence
800
B 21.4
" R[KN] jgg // R; =476.08[kN]
T m 85 —
200
Volume ms 14758 0
14 16 18 20
Engine type - MAN B&W 5 S46ME Vs [knot]
RT
T= = 604.55 [kN
Break Power kW 6900 MCR Py = Py Mnare (1 — S) -0 [kN]
RPM - 129
P,=5741.7 [kW]
D .
shaft - 098 A (S +03DT ) 46
Ao (po—pv)D?
w 0.3144
i 0.2125 Absorb the minimum power PD at
. . certain Ship speed !!!
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Preliminary design il
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Preliminary design \ =
. Open water Diagram for the estimated
Polynomlals forms of KT and KQ Woageningen-B series propeller
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Detail design stage: Lifting-line theory

T =595.68 [kN]

Q =442.14  [KN-m]

C; =0.70 Thrust coefficient
AE/A0  =0.7

Data:
Vo, Z, D, n, A;/Ao, T

C;,(1) : Thrust loading coeff
A : Advance ratio
C;,(0) : ideal thrust load. coeff.

ni (k):
ideal
efficiency

KRAMER
DIAGRAM

Hydrodynamic Pitch angles :
-tan 8
-optimum tan 61
-Tip unloading factor tan 81 x tuf

Cril1)
C; :Power coefficient
Py : Delivered Power

Design of Blade section:
C.(c/D)
t/D
f/c

Final blade geometry:
P/D, ¢/D, t/D, f/c
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Hydrodynamic in 2D ~

NACA-66(modified)

Distribution
chord Camber | thickness
glc éc/fmax )(l)/t'"ax M:I profile 0.2: Bloc de notas
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o : 0.00390 0.00507077 0
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02 06093 |04 D.23384 0.040121795 0
025 | 07905 |0.4363 D.21178 0.04558 O
D.289732 0.049716385 0
03 0.8635 | 0.4637 0.46767 0.052838615 0
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0.9 0.3586 | 0.1877 HN rIIR 0 ’ 3
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Analysis of the design in 2D =

b

12.5¢

20c

] s el Rl

FEEH
B I
553
c
—
S e
H AR AT
- Hr |
HEt
[n] Grid Feb 18, 2013
FLUENT 6.2 (2d, dp, pbns, rke)

Jan 20, 2013
FLUENT 6.3 (2d, dp, pons, rke)

Number of cells > 80000.
For small a the C, is the same for
Spalart-Allamas

k-epsilon Realizable
k-omega SST
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Hydrodynamic analysis in 2D

IR FLUENT 2D ] |
C, Co rad Cq dQ SFxdQ

0.2 0.0586 0.0051 0.8286 0.0466 0.5851 0.5851

0.3 0.3573 0.0030 0.6320 0.2135 16.8113 67.2454

0.4 0.2494 0.0028 0.5193 0.1262 25.5568 51.1136

0.5 0.2355 0.0028 0.4321 0.1011 43.1750 172.7000

0.6 0.1868 0.0028 0.3804 0.0719 56.3516 112.7032

0.7 0.1462 0.0027 0.3412 0.0515 65.7829 263.1316

0.8 0.1085 0.0023 0.3072 0.0350 64.8391 129.6782

0.9 0.0793 0.0025 0.2775 0.0241 55.0587 220.2347

1 0 0 0.2524 0 0 0

)y 1017.392

I 88.344

Total Torque Q x4=353.374 [KN-m]

1 H H 0,
dQ = Spc Ve - (Cpsin § + Cp cos f)rdr Lift-line 2D %

T =595.68 525.5 11.78%

Q  =442.14 35337 20.0%
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Hydrodynamic analysis in 3D o~

NACA'66(mOdIerd) Final blade geometry:
s | FR=0.3

o d) 0|5 =&—uppey lower 1l_5 7

*p
0 cosg cosg LJ

Xp 1 0 0
o |= [ﬂ cosg —sint;b] M

Marine Propellers and Propulsion, Carlton 2007

X

- £

(0.56-x) cos (0, ) xp = —lig + 16, tan (B, ] + (0.5¢ — x)sin (Buyy + yur cos (6,)

LE. /

—

Yu sm(“ntj_"' na

+ wnr

/7 "7 Yo =7 sin [33 180 [(0.5¢c — x) cos(B,) — vur sin(&nt}J]

180[(0.5¢ — x,) cos(fur) — Vur sin(-ﬁ'nt}J]

Z, =T CO5|8. —
a {B Tr
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Hydrodynamic ana1y31s in 3D
Preprocessing in Gambit
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Hydrodynamic analys1s in 3D Ry
Preprocessing in Gambit

\
notelotly Moving Reference Frame
129 R.PM.
5D _
Shaft
Outlet Pressure
2D Propeller 3D —
!
pressure-velocity method :SIMPLE Second Order for Pressure
Second Order Upwind for
k-epsilon Realizable with standard Wall the Momentum,
Functions Turbulent Kinetic Energy

Turbulent Dissipation Rate
19 Carlos Parra  18-02-2013



Hydrodynamic ana1y31s in 3D Ry /
Preprocessing in Gambit -

|.559.103 tetrahedral elements or Cells 182 Mb.

Angle :20° of the tetrahedral element
Growth rate :1.2

Max. size :300 maximum size of the element in mm

Min. size :10 minimum size of the element in mm

20 Carlos Parra 18-02-2013
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Preprocessing in Gambit

n 3D

Advanced Design

By using size function in Gambit

21
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Hydrodynamic analysis in 3D
Analysis in Fluent 6.3
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Vs = 174 Knots, =8.95 [m/s]
V, = 614 [m/s]
RPM = 129 B rluenT 23 dp pore reerT— . C=REel >
File Grid Define Solve Adapt Surface Display Plot Report  Parallel Help
Force vector: (1 8 8)
pressure viscous total
Zone name force force force
n n n
h‘upEllEF CO3802_48 4742 _00hb L0050 .48
1 | 1 r .J
Lifting-line | RANS | difference difference
kN kN kN %
T= 595.68 589.06 | 6.62 1.11% less than Lifting-line
Q= 442.14 417.4 24.74 5.6 % less than Lifting-line

22 Carlos Parra

18-02-2013
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Post Processing in Fluent ~
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Hydrodynamic analysis in 3D Skl Deshin
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Representation of the momentum theory
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Results: Open water characteristics

Develope of the Ky, K and n, Diagrams

k-e realizable estandar

Advanced Design

J 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Va[m/s] 0 1.120 2.240 3.360 4.480 5.600 6.720 7.841 8961 10.081 11.201
T[kN] 1337.99 1199.52 1074.58 941.1 797.53 645.73 486.41 31897 138,55 -64.68 -299.9
Q[kN-m] 860.08 779.36 705.46 628.59 546.82 460.15 368.41 271.25 165.87 45.97 93.69
KT 0.3833 0.3436 0.3078 0.2696 0.2285 0.1850 0.1393 0.0914 0.0397 -0.0185 -0.0859
10KQ 0.4729 0.4285 0.3879 0.3456 0.3006 0.2530 0.2026 0.1491 0.0912 0.0253 0.0515
no 0 0.1276 0.2526 0.3724 0.4837 0.5818 0.6569 0.6826 0.5541 -1.0500 -2.6542

Wageningen Open water
J 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Kio 0.3520 0.3248 0.2935 0.2584 0.2200 0.1787 0.1351 0.0894 0.0422 -0.0062 -0.0553
10K,, | 0.4306 0.4027 0.3707 0.3347 0.2946 0.2507 0.2030 0.1516 0.0965 0.0379 -0.0242
n, 0.0000 0.1284  0.2520 0.3686  0.4753 0.5673 0.6353  0.6570 0.5561 0.2355 3.6378
25 Carlos Parra  18-02-2013
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Results: Open water characteristics \ =
KT k- realizable standard v/s Theoretical open-water
10KQ ==¢==Open-water
no KT
0.8 =@ Openrwater
10KQ
0.7 ==f= Openfwater no
e=g==Num| KT
0.6
e=f==Num/| 10KQ
0.5
\ ==ge=Num | no
0.4 \
0.3
0.2

0 0

6 0{7 0

3 04 0/5

2

optimum Jopt=0.53

For the same A;,Ao0=0.7 and P/D=0.81

26 Carlos Parra 18-02-2013



).
- Advanced Design 7
Conclusions >

Lifting-line increases Coefficients K, K5 and 1, obtained from W-B series, increasing, A/Ao
as well.

Good prediction for THRUST using k-epsilon Realizable turbulence model.
The TORQUE result was not so reliable.
The engine with P;=6900 kW would give the desired Thrust forV.=17.4 kn

It is very important to achieve good results starting with open water analysis or steady flow
analysis, because in the end the final aim is to achieve good results in unsteady flows

27 Carlos Parra 18-02-2013
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