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Lampiran 1. Tabel offset lines plan model kapal

Offset Table
Mot =TT T2 73 [ 415 [ 6 758 9]0
BL | 0 | 0383 | 0445 | 0486 | 0306 | OSII | 011 | 0511 | 0511 | 0468 | 024 | -
{0075 | 0591 | 0706 | 0797 | 0831 | 0869 | 0869 | 0.869 | 0839 | 0.726 | 0404 | -
2 | 015 | 079 | 0967 | 1107 | 1195 | 1228 | 1228 | 1228 | 1172 | 0985 | 0368 | -
3T 025 | 1005 | 1225 | 1417 | 1538 | 1587 | 1587 | 1387 | 1S | 1238 | 031 | -
4| 03 | 1213 | 1482 | 1723 | 1881 | 1945 | 1945 | 1945 | 184 | 1488 | 0895 | -
50355 | 142 | 179 | 1952 1982 | 1982 | 1982 | 1947 | 1738 | 1099 | -
6 | 045 | 1672 | 19 | 1967 | 199 | 19% | 19% | 19% | 1962 | 1824 | 1223 | -
9 | 0675 | 1829 | 1948 | 203 | 2034 | 2009 | 2019 | 2039 | 2006 | 1887 | 1318 | 0236
2 | 09 | 188 | 199 | 2038 | 2077 | 2062 | 2062 | 2062 | 2033 | 1049 | 1603 | 0438
15 | LI123 | 1931 | 2.045 | 2103 | 212 | 2124 | 2124 | 2124 | 2009 | 2.012 | 1691 | 0.622
8 | 135 | 1962 | 209 | 2048 | 2163 | 2167 | 2167 | 2.167 | 2.144 | 2075 | 1777 | 0.785
2| 1575 | 2033 | 2041 | 2193 | 2206 | 221 | 221 219 | 2037 | 1864 | 0.934
W | 18 | 208 | 2089 | 2238 | 225 | 2282 | 223 | 2352 | 2237 | 202 | 195 | 10%
Deck | 2084 | 2189 | 2238 | 225 | 2250 | 2250 | 250 | 2251 | 2244 | 2059 | 1359

75



Lampiran 2. Kondisi trim model kapal

e Kondisi even keel

e Kondisi trim 1°

e Kondisi trim 2°

e Kondisi trim 3°
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Lampiran 3. Statistik jumlah elemen mesh

»  Statistik mesh model kapal tanpa menggunakan vortex generator dengan
kecepatan 0,75 dan kondisi 0°

€ Status ¥ Setup Parameters b
Restart results file: Scenario 1.res.s337 ~ Boundaries: ~
Res file compatible with CFdesign version: 19.2-20190802 ---None---
Creation date and time: Wed Nov 30 07:42:48 2022 Regions:
Analysis title: CFD Default control file settings —None-—
Results input complete
Processing BC input ...
Loading restart BC data .. Mesh Sizes:
BC restart input complete Manual mesh sizing:
Analysis Initialization Complete Volumes:
Input processing complete #1 [Size=4]
** FINITE ELEMENT SUMMARY FOLLOWS.. #2 [Size=7.9]
332206 Total Nodes 330759 Fluid Nodes 1447 Solid Nodes #3 [Size=4]
1624285 Total Elems 1616751 Fluid Elems 7534 Solid Elems Surfaces:
1inlets 1 Outlets 0 Unknowns ---None---
Analysis started Edges:

---None---

v

bhbbbdbbbbb bbb bbb bbbt bbb bbbt bbb bbb bbbt

v

Save...

»  Statistik mesh model kapal tanpa menggunakan vortex generator dengan

kecepatan 1,513 dan trim 1°

€ Status % € Setup Parameters x
Sorting nodes ~ Boundaries: ~
Node sort complete ~-None-—
Internal BC data structures completed Regions:
Saving restart BC info ... ---None---
New boundary condition file: Scenario 1.bc
Restart BC data structures complete and saved
Initializing pressure field ... Mesh Sizes:
Pressure field initialized Manual mesh sizing
Analysis Initialization Complete Volumes:
Input pracessing complete #1 [Size=4]
** FINITE ELEMENT SUMMARY FOLLOWS... #2 [Size=1.9]
331124 Total Nodes 329606 Fluid Nodes 1518 Solid Nodes #3 [Size=4]
1628384 Total Elems 1620694 Fluid Elems 7690 Solid Elems Surfaces:
1lnlets 1 Qutlets 0 Unknowns ---None---
Analysis started Edges:
---None---

dhbdbdbd bbbt bbbt bbbt bbb bbbt bbb bbbt

v

Save...

»  Statistik mesh model kapal tanpa menggunakan vortex generator dengan

kecepatan 2,016 dan trim 2°

€ Status » € Setup Parameters X
Sorting nodes ... A Boundaries: ~
Node sort complete ---None-—
Internal BC data structures completed Regions:
Saving restart BC info ... ---None---
New boundary condition file: Scenario 1.bc
Restart BC data structures complete and saved
Initializing pressure field ... Mesh Sizes:
Pressure field initialized Manual mesh sizing:
Analysis Initialization Complete Volumes:
Input processing complete #1 [Size=4]
** FINITE ELEMENT SUMMARY FOLLOWS... #2 [Size=7.5]
326634 Total Nodes 325051 Fluid Nodes 1583 Solid Nodes #3 [Size=4]
1601161 Total Elems 1593685 Fluid Elems 7476 Solid Elems Surfaces:
1inlets 1 OQutlets 0 Unknowns ---None---
Analysis started Edges:

---None-—

v

N e sE s

Close
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»  Statistik mesh model kapal tanpa menggunakan vortex generator dengan

kecepatan 2,762 dan trim 3°

€ status

Sorting nodes ...

Node sort complete

Internal BC data structures completed

Saving restart BC info ...

New boundary condition file: Scenario 1.be

Restart BC data structures complete and saved

Initializing pressure field ...

Pressure field initialized

Analysis Initialization Complete

Input processing complete

** FINITE ELEMENT SUMMARY FOLLOWS...

323633 Total Modes 321900 Fluid Nodes 1733 Solid Nodes
1580216 Total Elems 1572021 Fluid Elems 8195 Solid Elems
1linlets 1 Outlets 0 Unknowns

Analysis started

B

® € Setup Parameters

~ Boundaries:
---None---

Regions:
—None—

Mesh Sizes:
Manual mesh sizing
Volumes:
#1 [Size=4]
#2 [Size=7.5]
#3 [Size=3]
Surfaces:
-—-None-—-
Edges:

---None---
v

»  Statistik mesh model kapal menggunakan vortex generator dengan

kecepatan 0,75 dan kondisi even keel

€ Status

Restart results file: Scenario 1.res.s394

Res file compatible with CFdesign version: 19.2-20190802
Creation date and time: Sat Feb 18 14:29:47 2023

Analysis title: CFD Default control file settings

Results input complete

Processing BC input

Loading restart BC data ...

BC restart input complete

Analysis Initialization Complete

Input processing complete

** FINITE ELEMENT SUMMARY FOLLOWS.

344617 Total Nodes 342557 Fluid Nodes 2060 Solid Nodes
1687157 Total Elems 1674583 Fluid Elems 12574 Solid Elems
1lnlets 1 Outlets 0 Unknowns

Analysis started

N N S S S SO S NS E S

X | € s

2 Boundaries:
~—None—

Regions:
-—-None-—-

Mesh Sizes:
Manual mesh sizing:
Volumes:
#1 [Size=3]
#2 [Size=7]
#3 (Size=4]
Surfaces:
---None---
Edges:

---None---
v

»  Statistik mesh model kapal menggunakan vortex generator dengan

kecepatan 1,513 dan trim 1°

€ Status

X | € Setup Parameters

Restart results file: Scenario 1.res.s522

Res file compatible with CFdesign version: 19.2-20190802
Creation date and time: Sun Feb 19 14:20:53 2023

Analysis title: CFD Default control file settings

Results input complete

Processing BC input ...

Loading restart BC data ...

BC restart input complete

Analysis Initialization Complete

Input processing complete

** FINITE ELEMENT SUMMARY FOLLOWS...

324427 Total Nodes 322600 Fluid Nodes 1827 Solid Nodes
1591747 Total Elems 1581695 Fluid Elems 10052 Solid Elems
1lnlets 1OQutlets 0 Unknowns

Analysis started

T T SR

~ Boundaries:
---None---

Regions:
---None---

Mesh Sizes:
Manual mesh sizing:
Volumes:
#1 [Size=4]
#2 [Size=8]
#3 [Size=4]
Surfaces:
---None---
Edges:
-—None-—-

o]
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»  Statistik mesh model kapal menggunakan vortex generator dengan

kecepatan 2,016 dan trim 2°

€ Status X € Setup Parameters X
Restart results file: Scenario 1.res.s553 &) Boundaries: &
Res file compatible with CFdesign version: 19.2-20190802 ---None---
Creation date and time: Wed Feb 8 07:38:05 2023 Regions:
Analysis title: CFD Default control file settings None-—
Results input complete
Processing BC input ...
Loading restart BC data ... Mesh Sizes:
BC restart input complete Manual mesh sizing:
Analysis Initialization Complete Volumes:
Input processing complete #1 [Size=3]
** FINITE ELEMENT SUMMARY FOLLOWS... #2 [Size=8]
322291 Total Nodes 319903 Fluid Nodes 2388 Solid Nodes #3 [Size=4]
1573947 Total Elems 1560837 Fluid Elems 13110 Solid Elems Surfaces:
1inlets 1 Qutlets 0 Unknowns ---None---
Analysis started Edges:
---None---
B e rIxx] hd bt

»  Statistik mesh model kapal menggunakan vortex generator dengan

kecepatan 2,762 dan trim 3°

€ Status % € Setup Parameters x
Restart results file: Scenario 1.res.s650 -~ Boundaries: ~
Res file compatible with CFdesign version: 19.2-20190802 ---None---
Creation date and time: Fri Feb 10 21:38:59 2023 Regions:
Analysis title: CFD Default control file settings ---None---
Results input complete
Processing BC input ...
Loading restart BC data ... Mesh Sizes:
BC restart input complete Manual mesh sizing:
Analysis Initialization Complete Volumes:
Input processing complete #1 [Size=3]
** FINITE ELEMENT SUMMARY FOLLOWS... #2 [Size=8]
315548 Total Nodes 313304 Fluid Nodes 2244 Solid Nodes #3 [Size=4]
1542514 Total Elems 1531036 Fluid Elems 11478 Solid Elems Surfaces:
Tinlets 1 Outlets 0 Unknowns ---None---
Analysis started Edges:
---None---
ettt bb bbbttt bbb bbbt bbb bbb bbb bbb bbbt = n
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Lampiran 4. Visualisasi mesh sizing

» Ukuran dan bentuk mesh pada bodi kapal

/ N

T MO MEYEY:

» Ukuran dan bentuk mesh pada kolam

/
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Lampiran 5. Hasil residual in dan residual out model

» kecepatan 0,75 m/s dengan trim 0°

Output Bar Output Bar
(“Plot \/ Table Global ~  (Piot \/ Table \ Global
333 1.8872e+00 . 333 2.1833e-08 ~ |pressure
334 1.97632+00 334 2.0158¢-08
335 1.8662e+00 [t 335 2.1590e-08 EEAEN
336 1. [ Log scate 336 2.5622e-08 L1 Log scale
337 1. 337 1.9909e-08
338 1. 338 2.3263e-08
339 1.8437e400 339 2.0526e-08
340 1.8291e+00 v Sae 340 2.08260-08 v | save
start: 1 End:[340 Min: 1.82016+00 Max: 8.3673¢+04 L start: |1 End: [340 Min: 1.00006-08 Max: 1.20626-03 “
\_Message Window /\_Convergence Plat \_Message Window /\_Convergence Plot /
Residual In Residual Out
Model kapal tanpa menggunakan vortex generator
Output Bar Output Bar
/Pt \/ Table Global v [P\ Table\ . Global ~
e i ! ~ Pressure v i:: S ~ pressure v
Sa0 v ResidIn a0 5 ResidOwt
391 1.7 [ tog scale 391 1.8 [ tog scale
392 1. 392 2.
393 1. 393 2.3684e
394 1.6775e+00 394 1.69926-08
305 1.6529e+00 v | s 395 1.7152¢-08 v sae
Start: [1 End: 395 | Min: 1.64320+00 Max: 8.3396e+04 w start: 1 End: 395 Min: 1.60926-08 Max: 0.34540-04 w
_Message Window /\_Convergence Plot / \_Message Window /\_Convergence Plat |
Residual In Residual Out
Model kapal tanpa menggunakan vortex generator
H o
» Kecepatan 1,513 dengan trim 1
Output Bar Output Bar
[Pier\/ Table \ Global [ Plot \/ Table \ Global
4 1.4852e+00 ~ 460 2.1064e-08
485 1.4666e+0) Presuee 461 2.0097a 08 " | s
486 1.45832+00 Resid In 262 1.98262-08 Resid Out
487 1.4563e400 [ Log scale 163 1.9281e-08 [ Log scale
488 1.4694e+00 464 1.88572-08
489 2 465 1.8380e-08
430 2.0815e+400 466 3.14292-08
491 1.89262400 v | s 161 3.08450-08 v Sawe.
Saart: [1 End: 491 Min; 1.4563e-+00 Max: 1.6808e+05 o start: |1 End: [491 Min: 1.8380e-08 Max: 1.9613e-03 v
\_Message Window /\_Convergence Plot / \_Message Window /\_Convergence Plot /
Residual In Residual Out
Output Bar Output Bar
/Piot \/ Table | Global < Piot W Table \, Global ~
6 1.9368e+00 A 516 1.9 ~ | T
517 2. 517 3.
e h Residln - . 2 Resid Ot~
519 1 [] Log scale 519 1. ] Log scale
520 1 520 1
521 1 521 2.2254e
522 1 522 1.8481e=08
523 1.8670e+00 v | s 523 2.59660-08 | s
Start: 1 End: 523 Min: 1.8044e+00 Max: 1.7472¢ 405 u Start: 1 End: 523 Min: 1.8481e-08 Max: 2.10416-03 u
\_Message Window /\_Convergence Plot / \_Message Window_/\_Convergence Plot /

Residual In Residual Out

Model kapal menggunakan vortex generator
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» 2,016 m/s dengan trim 2°

Output Bar
[ Plot \/ Table \ Global
485 .3.7714-3E+?U ~ | (Pre=ie
486 3.0133e+00
487 2.2399e+00 [n
488 1. ] Log scale
489 1.
490 1.3004e+00
491 1.2692e+00
492 1.3047e+00 v Sawve.
Start: 1 End: |492 Min: 1.2056e+00 Max: 2.2668e+05 .

. Message Window /\ Convergence Plot /

Residual In

Model kapal tanpa menggunakan vortex generator

Output Bar

[Piot \/ Table \ Global
544 1.5579e+00 - preme
545 1.5532e+00 :
546 4.5229e+00 Resid In
547 3.9026e+00 [ Log sca
548 2.8528e+00
549 2.4241e+00
550 2.7003e+00
551 3.7112e+00 . Gl
Start: 1 End: 554 Min: 1.5532e+00 Max: 2.332%e+05 L

\_Message Window /\_Convergence Plot /

Residual In

Model kapal menggunakan vortex generator

» kecepatan 2,762 m/s dengan trim 3°

Output Bar
Piot\/ Table Giobal
435 1.78782+00 -
1.7544e+00
1.8371e+00 Resid In
4.9739e+00 [ Log scale
5.4374e+00
490 4.
491 3.
452 2. o | sme.
Start: 1 End: [498 Min: 1.7544e+00 Max: 3.1214e+05 &

\\_Message Window /\_Convergence Plot

Residual In

Model kapal tanpa menggunakan vortex generator

Output Bar
" Plot \/ Table \ Global
€17 1.8530e+00 * Pressure
618 174452400
619 1.6941e+00 Resid In
620 1.6578e+00 [ Log scale
621 1.12742401
622 1.0310e+01
623 7.
624 5. O Save...
Start: |1 End: 651 Min: 1.6578e+00 Max: 3.2402e+05 e

\_Message Window /\_Convergence Plot /

Residual In

Output Bar
{Plot \/ Table \ Glabal
470 1.4721e-08 ~| =
471 1.4108e-08
472 1.3291e-08 Resid Out
473 1. [ Log scale
474 1.
475 1.
476 1.
477 1. = Save...
Start: |1 End: 402 Min: 1.3201e-08 Max: 2.7270e-03 “
\_Message Window /' Convergence Piot |
{Piot \/ Table \ Glabal v
544 2.0981e-08 ~ FEEE
545 1.6414e-08
546 5. B Resid Out
547 1. [ Log scale
548 3.5
549 2.
550 3
551 3 v | s
Start: |1 End: 554 Min: 1.6414e-08 Max: 3.9187¢-03 L
\_Message Window /\_Convergence Plot /
Output Bar
/Plot \/ Table Global
491 5.2213e-08 A |pressure
492 4.4333e-08
493 2.5931e-08 [T
494 2.5451e-08 [ Log scale
495 2.0623e-08
196 1.9022e-08
1497 2.6081e-08
498 2.225Be-08 7 Save...
Start: [1 End: [198 Win: 1.9022¢-08 Max: 4.1150e-03 @
\_Message Window /\_Convergence Plot /
Output Bar
[ “Pigt \/ Table \ Glabal
644 2.6741e-08 A
45 3.4062e-08
646 2.06430-08 Resid Out
647 2.2967e-08 [ Log scale
648 1.9701e-08
649 1.8984e-08
650 2.2591e-08
651 1.9038e-08 v Save.
Start: [ £nd: [651 Min: 1.8084e-08 Max: 4.0806e-03 @

\_Message Window /\_Convergence Plat /

Residual Out

Model kapal menggunakan vortex generator
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Lampiran 6. Hasil wall calculator drag force model

» Model kapal tanpa menggunakan vortex generator kecepatan 0,75 m/s

dengan kondisi trim 0°

Total area, 5954.81, cm”2

TOTAL FX, -0.805271, Newton

TOTAL FY, 0.0255, Newton

TOTAL FZ, -2.08516, Newton

Center of Force about X-Axis (Y-Z), 0.584722, 173.582, cm
Center of Force about Y-Axis (X-Z), 651.917, 173.915, cm
Center of Force about Z-Axis (X-Y), 610.581, 1.10794, cm

[Write to file... J View file...

» Model kapal tanpa menggunakan vortex generator Kecepatan 1,513

dengan kondisi trim 1°

Total area, 5111.35, cm”2

TOTAL FX, -2.60769, Newton

TOTAL FY, 0.0496993, Newton

TOTAL FZ, -4.30797, Newton

Center of Force about X-Axis (Y-Z), 0.584637, 173.884, cm
Center of Force about Y-Axis (X-Z), 663.788, 174.58, cm
Center of Force about Z-Axis (X-Y), 577.134, 1.05418, cm

Write to file... | View file...

C
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» Model kapal tanpa menggunakan vortex generator kecepatan 2,016 m/s

dengan kondisi trim 2°

Total area, 3298.05, cm”2

TOTAL FX, -3.70171, Newton

TOTAL FY, -0.0101715, Newton

TOTAL FZ, -5.36933, Newton

Center of Force about X-Axis (Y-Z), 0.924528, 173.939, cm
Center of Force about Y-Axis (X-Z), 568.998, 174.37, cm
Center of Force about Z-Axis (X-Y), 570.177, 0.841846, cm

Write to file... | View file...

.@)

» Model kapal tanpa menggunakan vortex generator kecepatan 2,762 m/s

Dengan kondisi trim 3°
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Total area, 211041, cm”2

TOTAL FX, -6.36098, Newton

TOTAL FY, -0.0229614, Newton

TOTAL FZ, -7.78293, Newton

Center of Force about X-Axis (Y-Z), 0.95932, 173.912, cm
Center of Force about Y-Axis (X-Z), 626.086, 175.099, cm
Center of Force about Z-Axis (X-Y), 559.738, 0.770404, cm

Write to file... l

View file...

@
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» Model kapal menggunakan vortex generator kecepatan 0,75 m/s dengan kondisi

trim 0°

Total area, 6444.59, cmA2

TOTAL FX, -0.754324, Newton

TOTAL FY, 0.0221264, Newton

TOTAL FZ, -2.15068, Newton

Center of Force about X-Axis (Y-Z), 460.205, 173.519, cm
Center of Force about Y-Axis (X-Z), 783.872, 173.544, cm
Center of Force about Z-Axis (X-Y), 720.899, 460.316, cm

W

Write to file... View file...

» Model kapal menggunakan Vortex Generator kecepatan 1.513 m/s dengan

kondisi trim 1°

Total area, 5611.85, cm”2

TOTAL FX, -2.36233, Newton

TOTAL FY, 0.0132381, Newton

TOTAL FZ, -4.91837, Newton

Center of Force about X-Axis (Y-Z), 460.195, 173.8, cm
Center of Force about Y-Axis (X-Z), 825.238, 174.03, cm
Center of Force about Z-Axis (X-Y), 690.299, 460.281, cm

W

Write to file... View file...

|g|
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» Model kapal menggunakan Vortex Generator kecepatan 2.016 m/s dengan

kondisi trim 2°

Total area, 3758.71, cm”2

TOTAL FX, -3.18293, Newton

TOTAL FY, 0.0402309, Newton

TOTAL FZ, -6.39714, Newton

Center of Force about X-Axis (Y-Z), 460.243, 173.88, cm
Center of Force about Y-Axis (X-7), 685.505, 173.841, cm
Center of Force about 7-Axis (X-Y), 681.574, 460.274, cm

W

Write to file...

View file_..

» Model kapal menggunakan Vortex Generator kecepatan 2.762 m/s dengan

kondisi trim 3°

Total area, 2404.41, cm”2
TOTAL FX, -5.9871, Newton
TOTAL FY, -0.0537817, Newton
TOTAL FZ, -9.75085, Newton

Center of Force about X-Axis (Y-Z), 460.143, 173.873, cm
Center of Force about Y-Axis (X-Z), 691.826, 173.619, cm
Center of Force about 7-Axis (X-Y), 678.716, 460.179, cm

W

Write to file...

View file...
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Lampiran 7. Penentuan skala model

Penentuan skala dilakukan untuk menghindari terjadinya ombak pada dinding
tangki atau yang disebut blockage effect dimana model harus disesuaikan dengan
ukuran tangki serta tinggi air dalam tangki dengan sarat model. Menurut Harvald,

penentuan lebar model (Bm) adalah sebagai berikut:

Bm<(1/10) B Tangki

Diketahui:

B tangki =354 m
=(1/10) x 3,54
=0,354 m

Maka lebar model yang digunakan agar tidak menimbulkan blockage effect

dan dapat digunakan untuk pengujian model di towing tank yaitu:
Bm<0,354

Berdasarkan perhitungan dari persamaan diatas, maka penentuan skala model

kapal dapat ditentukan melalui tabel berikut:

Bs Skala Bm(m)
4,5 1:10 0,45
4,5 1:15 0,30
4,5 1:20 0,23
4,5 1:25 0,18

Dari tabel diatas ukuran lebar model kapal maksimal yang memenuhi
kriteria yaitu 0,30 sehingga skala yang digunakan untuk ukuran model kapal yaitu
1:15.

88



