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Global warming impacts every corner of human life, Maritime transportation and shipbuilding industries are no exception, Recent
counteraction in maritime industries is accelerating to meet the zero emission by 2050, Various alternative energy sources have
been studied, and recent developments in Europe show that the windship, as a proven technology, can be an attractive
candidate to solve the problem, In this paper, as the alternative transportation option, to infer the performances of modern
windships, the non—dimensional ratios of past tall ships and windships are studied and reviewed, In addition, the ratios are
compared to estimate the position of current and future windships under consideration, It is found that regarding the ratio
distributions, the current windships being planned can be either wind—assisted propulsion ships or less fully functional windships
than the past tall ships,

Keywords : Tall ship(#A), Barque(Ht3), Schooner(ATL), Windship(S=ME), Wind Assisted Propulsion Ship(S2E AN
WASPs), Zero Emission Vessel(F2aiAEE ZEV), Non—dimensional ratio( XM 214
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(Abulafia, 2011; KBS, 2015). HHH %|Zfo| 52t M2i2 X125} oflix|IezM HIZte| 7[x|E CiA| QAlSEL Ut (Trouve and

o ofAlo}, E3| 3HF, U} 22 ZZofAok=s 1371 x| Jaouanne, 2013; Abbasov, 2019; Defour, 2020; IMO 2020).
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Fig. 1 “PreuBen” in service at early 1900s (SLV, 1900~19547)

Fig. 2 Navigational Track Chart for the German Ship Pitlochry
and PreuBen at 1909 (Smithsonian, 1909)

* e i IE o e
Fig. 3 Midship section of Preufen (LRF, 2018)
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Fig. 4 Body plan of Balclutha (Jackson and Salarano 1990)
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Table 1 Data of ships

) Nation of Year of Number of Loa Displacement

No Name of ship Purpose builder launch Type mast [m] [metric ton]
1 PreuBen Cargo German 1902 Ship 5 147 11,650
2 France I Cargo France 1911 Barque 5 143.8 10,710
3 Maria Rickmers Cargo Scotland 1891 Barque 5 135 9,500
4 Potosi Cargo German 1891 Barque 5 132.9 8,580
5 Kobenhavn Cargo Scotland 1924 Barque 5 134
6 Passat Cargo German 1911 Barque 4 115 6,280
7 Dunkerque I Cargo France 1896 Barque 4 105 5,849
8 France Cargo France 1890 Barque 5 133 7,800
9 Sedov Cargo German 1921 Barque 4 117.5 7,320
10 Moshulu Cargo Scotland 1904 Barque 4 121 7,000
11 | Thomas W. Lawson Cargo USA 1902 Schooner 7 121.7 10,860
12 Pamir Cargo German 1905 Barque 4 114.5 -
13 Kruzenshtern Cargo German 1926 Barque 4 114.5 6,400
14 Wyoming Cargo USA 1909 Schooner 6 135.6 10,629
15 Viking Cargo Denmark 1906 Barque 4 118 6,300
16 BAP Union Training Chile 2016 Barque 4 115.75 3,310
17 | SV Golden Horizon | Passenger Croatia 2021 Barque 5 162.2 8,440
18 Royal Clipper Passenger Poland 2000 Ship 5 133.2 4,163
19 Oceanbird Cargo Sweden 2026 Schooner 5 200.0 35,273
20 | UT Wind challenger Cargo Japan TBC Ship 4 228.5 84,360*
21 Black Pearl Sail yacht | Netherlands 2018 Ship 3 106.7 2,550
22 Maltese Falcon Sail yacht Turkey 2006 Ship 3 88 1,240
23 Emma Maersk Cargo Denmark 2006 Steam ship N/A 397.71 218,138
24 Ore Brazil Cargo Korea 2011 Steam ship N/A 362 440,197 **
No Sail area Gross tonnage Deadweight L Ly Breadth Draft Mast height

[m?] [ton] [metric ton] [m] [m] [m] [m] [m]
1 6,806 5,081 8,000 121.9 134.9 16.40 8.26 68
2 6,350 6,255 8,300 118.6 133.3 16.96 7.65 64
3 5,300 3,822 5,385 112.2 123.3 14.63 7.2 63
4 5,250 4,026 6,400 110.3 122.4 15.15 7.7 64.3
5 4,744 3,965 5,125 112.4 - 15.0 8.2 -
6 3,684 3,091 4,700 97 - 14.4 7.24 54
7 4,550 - 3,955 - - 13.90 6.55 52
8 4,520 3,784 5,900 - 114 14.90 7.0 51
9 4,192 3,476 5,300 95 99.1 14.6 6.5 57
10 4,180 3,446 5,300 96.4 109 14.23 7.4 56
11 3,906 5,218 8,000 110.9 15.07 9.64 52.7
12 3,800 3,020 4,500 95.2 105 14.14 7.26 51.2
13 3,800 3,064 4,000 - - 14.07 6.8 56
14 3,700 3,730 5,905 100.4 105.5 15.3 9.3 44
15 3,690 2,960 4,100 87.6 106 13.9 7.06 -
16 3,402 - 808 - - 13.5 6.5 53.5
17 6,347 8,784 2,000 130.8 - 18.5 6.40 64
18 5,050 5,000 1,000 99 120 16.4 5.7 65.4
19 7,500 32,000 13,636% 200.0%x* - 40 9 80
20 4,000 - 70,300 218.0 - 36.5 12.15 -
21 2,877 2,700 N/A 97.5 - 15.0 6.8 70
22 2,400 - N/A 78.22 - 12.6 6 58.2
23 N/A 171,542 156,257 376 - 56.4 16.02 40
24 N/A 199,631 402,347 350 - 65 23 -
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No Speed observed Examples of speed [Observed or time to course] References
1 19 knots 57 days, d’Ouessant, France — lquique, Chile, 1903 (Bernadats, 2019;
60 days, Lizard, England — Iquique, Chile, 1908 Lacroix,1968)
5 18 Kknots 92 days Glasgow, Scotland — Thio, New Caledonia, 1914 (Bernadats, 2019;
88 days Thio, New Caledonia — Glasgow, Scotland, 1914 Lacroix,1968)
(Bernadats, 2019;
3 15 knots Lacroix, 1968)
4 19 knots 75 days, Dunkerque, France — Iquique, Chile, 1896 (Bernadats, 2019;
69 days, Iquique, Chile — Lizard, England, 1896 Lacroix,1968)
5 - - (Mikkelsen, 2017)
5 18 Knots 110 days, Port Victoria, South Australia — Queenstown, (VRDP, 2024;
Ireland, 1949 Stark, 2003)
: 70 days, lquique, Chile — Lizard, England, 1897 ,
! 67 days, Port Talbot, Wales — Iquique, Chile, 1905 (Lacroix.1968)
8 B B (Bernadats, 2019;
Lacroix, 1968)
. . . (STS sedov, 2024;
9 18 knots England to Argentina with holds full of coal took just 30 days Brouwer, 1999)
_ (Layug, 2017;
10 17 knots Newby, 2014)
11 16 knots 15 days, Pennsylvania, US — London, England, 1907 (Hall, 2012)
12 16 Knots 128 days, Port Victoria, South Australia — Falmouth, England, (GL, 1992;
1949 WUNDS, 2024)
_ (GL, 1992;
13 17.3 knots BFFSA. 2024)
14 16 knots - (Snow and Lee, 1998)
_ (Brouwer, 1999;
15 15.5 knots Apollonio, 2000)
Average 10.71 knots, 1,261 nautical miles within the
16 12 knots prescribed 124 hours, during a west-bound trans—Pacific (Sener, 2021)
voyage in July between the Marquesas and Tuamotu Island
17 - - (MI, 2015; CD&C, 2024)
3 (CD&C, 2024;
18 20 knots Star clippers, 2024)
19 16 knots Top speed: 16 knots, Average speed: 10 knots, (Jeppesen et al., 2021
12 days transatlantic MG, 2020; Young, 2020);
20 14 knots Yokohama, Japan — Seattle, USA, Target speed: 14 knots (Yoshimura et al., 2016 )
21 - - (DNA, 2020)
. (Perkins et al., 2004;
22 24.8 knots Best record 24.8 knots under max. 68 knots of wind Superyacht Art, 2007)
23 24.5 knots Service speed (IMP, 2021)
24 15.4 knots Service speed, Brazil-Cape Hope—-China (DNV, 2024)

* Estimated, ** Calculated,

ol &=E
#|(ship)Zt B3 (barque)= Al

sl HMolx|gt BE DIAEo| AREE =0| HEle A3
2|2(fully square—rigged)7F AEt=0] ASM £{0l HHH OH
20|, FHoll= 0|Z& M (mizzen AKBalclutha) 22|
1990). M M7 7|82 55
HAMES MYT 0l FAIE 2

FARBP LIEKCH (Randier 1986; Crothers 2000).
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(Co), ZFE (Froude Number, F.), MatE2Htll=2F H|(DWT/
A), NI siZ-a5-25 H|(A/VF), M2 BHE-Z d|(Ad/B), Al
o HM-TYEEY Hl(A/DWTVS), ZOlei88 bl(Ly/V7),
Z-uij=8% 8|(B/v”), ZOI-E H|(Ly/B), Z0FE% Bl(Lu/d)
J2|3 -2 d|(B/d), 117He] FXH AL+ TS0l 1 2
CHE A AT KT siif2ME KR 2zl SHE =%
ATE J|oHal 2Lt Z=AL CHAe| HiE "E*E'é F'4 1-15HH2 HAM
Zol|lA SEME AUH diS0|ct 16-18H2 S0 HMo=Z 16
HE2 Z2M, 17-18H2 ofZHMoICt 19-20H2 S Al Sl

&
EZHMEICZ CO, HIE 90%E SEZ sh= £33l MYizero
! 15

emission vessel)0|Ch UST} EFALF 2 S5E o Mo|ct
2120812 AfAlAle| RuiZo| JKsEH iy MUREo|n, Tk
3| alo|t ZaiMulmlel vlmE o) EECH ox|gez

23-24H2 =20l AxEE hE 7EjolMat H3M(bulk
carien) 22, MU A= el 7|2ME thes H|wsk| 25k
ZZCE 2t viEe| A Zik= Table 30l E¥ct Foi=
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ook

2.2.1 SEACy)

Msm} 20| glenf, ME
H2 M2 EFE EH‘l*.(band)oil UCE 71, alidoz Loz

235t Hi= 0.56~0.64 thdoll, M%e| 8= 0.72~0.862 2
2 ofjodol| =09 UCt (Papanikolaou, 2014). Table 22| CsX{&H
SEM0|UH t.':.“.\ié ZARH 2M Ca= Fig. 5 2 Table 29 Z
& Ca7} 0.68~0.69 ME2 &M} N
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Fig. 8 Scatter of deadweight to displacement
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Fig. 9 Scatter of sail area to displacement volume
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Al?/B Vs. DISPLACEMENT

6
5.5
5t - ]
u
u - ]
AY2B 4 s L
s u
-
m Lawson
g - Wyoming
3.5F

3
2000 4000 6000 8000 10000 12000 14000
Displacment

Fig. 11 Scatter of sail area to breadth
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Fig. 12 Scatter of sail area to breadth (ship & barque only)
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ME Meslls SIISRICE ek o] XIZE &2 4= UCiH I 2ollMel v, o Faol| w270l 282+ ™ol Sb= s E
SelMol| ZIZE @A E H|(Ballast/A) S Sl o] SHEANE sist 7o 2 Holof & Zio|ch
7hse = 2US ZAolct oiEEnt BEE MY HA-ES F
MA H|(Ag/An), HIZ7F €oz 2|s =D} sl MYH- Table 2 Statistics of tall ships (No. 1~15)
ATEHA H|(As/Aq), ?18i(freeboard, f)ot hE H| fi/f,, Ratio Range Mean | Median| S.D
f/Loa, BiE =22t 2RAE T A5 G SE A UM Cs 0.6058~0.7921 | 0.6971 | 0.6837 | 0.0585
= & X2} 2 HOX|DE mARKIRS| B R A EA S Fr 0.2326~0.3033 | 0.2750 | 0.2720 | 0.0218
%= qict DWT/A 0.5556~0.7750 | 0.6927 | 0.7248 | 0.0737
AV 7.7808~14.2486 | 11.4945(11.6125| 1.8813
2.2.13 A1} D&t 11.2067~14.2486(12.1410 [ 11.6831| 1.1197
Ast/B 3.9757~5.0304 | 4.5248 | 4.5121 | 0.3034
Bl | CHEISIE|BM Ay V7, Ad/B7E ZAXID Qlet =, 2ot 2 AJ/DWT ¥ 9.9271~18.4954|15.0073 | 15.3306 | 2.2468
Mg AlojM HiE DEsIA|F|= Zoz AsRicks ojojolc) 11.5134~18.4954( 15.2188 | 15.3306 | 1.8998
2M 2lo| Mae T sk= A1t EAl| A ofollA= Hlel Lw/V” | 4.6041~5.4323 | 5.1371 | 5.1910 | 0.2948
Lw/ V7%, Lu/B, Lu/dS %0I1, B/V* g W50f D835 A3 B/V” | 0.6861~0.7870 | 0.7453 | 0.7575 | 0.0325
gict o= Trouve, G. and Jaouanne (2013)2] &oi2 Skl Lw/B 6.3022~7.6692 | 6.9868 | 6.883/ | 0.4470
sk= DA Zmjo|ct Liopt AL &o| HAS HET Bof| b5 Lw./d 10.7957~15.5833| 13.5614 | 13.5526 | 1.4994
of2| Sl AlHNO= Lte MES ol oz ojAlEl) 5 B/d 1.5633~2.2462 | 1.9756 | 1.9855 | 0.1876
X|ot ofr SlEfo] HAMS ENEF ZHolyls MEOZ slze) 7 & Loa/Lwe 1.0974~1.3506 | 1.2245 | 1.2054 | 0.0691
Table 3 Non—dimensional ratios calculated (No.1~15, past tall ship; No.16~18, modern tall ship; No.19~20, modern
windship; No.21-22, sail yacht; No.23~24, modern steam ship)
No | Cs Fo  [DWT/A | As/VP | AsY/B | As/ DWT” | Lw/V” | B/V? | Lw/B | Lu/d | B/d | Loa/lw
1 10.6883 |0.2826 | 0.6867 | 13.4635|5.0304 | 17.2974 | 5.4217 |0.7294 | 7.4329 |14.7579| 1.9855 | 1.2059
2 |0.6790 [0.2715] 0.7750 | 13.2861 | 4.6985 | 15.7472 5.4250 | 0.7758 | 6.9929 |15.5033| 2.2170 | 1.2125
3 |0.7842 | 0.2326| 0.5668 | 12.0118 | 4.9762 | 17.5375 5.3415 | 0.6965 | 7.6692 |15.56833| 2.0319 | 1.2032
4 1 0.6506 [{0.2971| 0.7459 | 12.7346 | 4.7826 | 15.4830 5.4323 | 0.7461 | 7.2805 |14.3247| 1.9675 | 1.2049
5 - - - - 45018 | 16.2243 - - 7.4933 [13.7073| 1.8293 | 1.1922
6 | 0.6058 [0.3002| 0.7484 | 11.0026 | 4.2150 | 13.3476 5.3010 | 0.7870| 6.7361 {13.3978| 1.9890 | 1.1856
7 - - 0.6762 | 14.2486 | 4.8528 | 18.4954 - 0.7778 - - 2.1221 -
8 - - 0.7564 | 11.6831 | 4.5121 14.0730 - 0.7575 - - 2.1286 -
9 |0.7921 {0.3033| 0.7240 | 11.3039 | 4.4346 | 14.0191 4.9332 | 0.7582 | 6.5068 |14.6154| 2.2462 | 1.2368
10 | 0.6728 [ 0.2844| 0.7571 | 11.6125|4.5434| 13.9790 5.0810 | 0.7500 | 6.7744 |{13.0270| 1.9230 | 1.2552
11 1 0.6576 | 0.2495| 0.7366 | 8.0971 |4.1472 9.9271 5.0493 | 0.6861 | 7.3590 |11.5041| 1.5633 | 1.0974
12 - 0.2693 - - 4.3596 | 14.1729 - - 6.7327 |13.1129] 1.9477 | 1.2027
13 - - 0.6250 | 11.2067 | 4.3812| 15.3306 - 0.7641 - - 2.0691 -
14 1 0.7259 |0.2623 | 0.5556 | 7.7808 |3.9757| 11.5134 | 4.6041 |0.7016| 6.5621 |10.7957| 1.6452 | 1.3506
15 1 0.7150 [0.2720| 0.6508 | 10.9972 | 4.3702 | 14.6438 4.7822 | 0.7588 | 6.3022 |12.4079| 1.9688 | 1.3470
16 - - 0.2441 | 15.5715|4.3205| 39.8666 - 0.9133 - - 2.0769 -
17 | 0.5317 - 0.2370 | 15.6952 | 4.3243 | 40.9867 6.4774 10.9161 | 7.0703 |20.4375| 2.8906 | 1.2401
18 | 0.4581 [0.3301| 0.2260 | 18.5003 | 4.1197 | 49.8641 6.0800 | 1.0440 | 5.8235 |17.6786| 3.0357 | 1.3455
19 1 0.4780 [0.1858| 0.5000 | 7.0890 |2.1651 11.2532 6.1488 | 1.2298 | 5.0000 |22.2222| 4.4444 | 1.0000
20 [ 0.8513 |0.1557| 0.8333 | 2.1141 | 1.7328 2.3873 5.0117 | 0.8391 | 5.9726 |17.9424| 3.0041 | 1.0482
21 | 0.2502 - - 15.7950 | 3.5901 - 7.1956 | 1.1070| 6.5000 |14.3382| 2.2059 | 1.0944
22 | 0.2046 | 0.4624 - 21.2444 | 3.8978 - 7.3409 | 1.1825| 6.2079 |13.0367| 2.1000 | 1.1250
23 | 0.6264 |0.2075| 0.7163 - - - 6.2977 | 0.9447 | 6.6667 |23.4707| 3.5206 | 1.0577
24 10.8208 | 0.1352| 0.9140 - - - 4.6390 | 0.8615| 5.3846 |15.2174| 2.8261 | 1.0343
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Table 4 Comparison of non—-dimensional ratios (average)
No 1-15 16-18 20 22 23 24
Non—commercial Non—commercial Modern Modern Modern Modern
Ratio past modern windship windship Modem container bulk
tall ship tall ship (schooner) (barque) sail yacht ship carrier
Cs 0.6971 0.4949 0.4780 0.8513 0.2046 0.6264 0.8208
Fn 0.2750 0.3301 0.1858 0.1557 0.4624 0.2075 0.1352
DWT/A 0.6927 0.2357 0.8333 - 0.7163 0.9140
AgV* 11.4945 16.5890 7.0890 2.1141 21.2444 - -
As'/B 4.5248 4.2549 2.1651 1.7328 3.8978 - -
As/DWT " 15.0073 43,5725 11.2532 2.3873 - - -
Ly /V”* 5.1371 6.2787 6.1488 5.0117 7.3409 6.2977 4.6390
B/V” 0.7453 0.9578 1.2298 0.8391 1.1825 0.9447 0.8615
Lw./B 6.9868 6.4469 5.0000 5.9726 6.2079 6.6667 5.3846
Lw/d 13.5614 12.7054 22.2222 17.9424 13.0367 23.4707 15.2174
B/d 1.9756 2.6678 4. 4444 3.0041 2.1000 3.5206 2.8261
Loa/Lwe 1.2245 1.2928 1.0000 1.0482 1.1250 1.0577 1.0343

B/d V5. DISPLACEMENT

O Tall ship (Carge)
+  Tall ship (Non cargo)
5 #  Windship (Cargo)
*  Superyacht (Non carge)
< Steamship (Cargo) ¥ RORO
4
Container
(o]
B/d 3 = *
b Bulk o
Bulk

2 XXJF%%
B

2 2.5 3 35 4 4.5 3 3.5 6 6.5
Displacment in log scale

Fig. 34 Scatter of breadth to draft
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