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Tab.1 Propulsive forces calculation of prototype ship in Lancang River

i Hokdi K ek o Eﬂ% W MR e R i&‘% ¥ ) 28 KT w; P
t - (2 VA 5 W Mm% M BB Ve REL MAU MAU MAU  HED dEd

m o/ (romin) Vy/(m=s1) & w ' (mwsl) Jy  4-40 4-55 4-47 Ty/kg  T/kg

250.4 63.0  4.02 0.640 0.127 0.136 3.24 0.66 0.113 0.103 0.109 746.1 644.6

57 og 1ass 373.4  216.9 5.34 0.640 0.126 0.136  4.50 0.61 0.134 0.122 0.128 1962.3 1695.4
453.7  388.5 6.30 0.640 0.126 0.136 5.40 0.61 0.135 0.127 0.131 2963.2 2 560.1

483.5  469.9 6.67 0.640 0.126 0.136 5.73 0.60 0.137 0.128 0.133 3405.9 2942.6

250. 4 63.0 3.36  0.717 0.166 0.171 2.37 0.48 0.183 0.177 0.180 1237.2 1025.3

s 390 1703 373.4  216.9 4.38 0.717 0.165 0.171 3.52 0.48 0.183 0.178 0.181 2759.8 2287.3
453.7  388.5 5.23 0.717 0.165 0.171 4.28 0.48 0.183 0.178 0.181 4074.3 3376.6

483.5  469.9 5.51 0.717 0.165 0.171 4.52 0.48 0.185 0.179 0.182 4672.3 3872.3

250. 4 63.0 3.11 0.724 0.169 0.174 2.36  0.48 0.183 0.178 0.181 1242.1 1025.5

00 445 1750 373.4  216.9  4.25 0.724 0.168 0.174 3.39 0.46 0.189 0.184 0.187 2852.8 2355.5
453.7  388.5 5.10 0.724 0.168 0.174 4.15 0.47 0.188 0.183 0.185 4 184.1 3454.7

483.5  469.9 5.33 0.724 0.168 0.174 4.35 0.46 0.190 0.186 0.188 4809.8 3971.3

T AR AR R e RIS MAU4-47 K, {H RGBS A B MAU4-40 Fil MAU4-55 AHR Y K, (E5 B3RS
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Tab.2  Flow resistance calculation of prototype ship in Lancang River

W, FHIEK KERK pBRfe WIRAK FAM MEm OMEmEA ghope BORIGE gmgs KWL
t

7,/ m Ly/ m 5 A A/ m? Rk e Z¥pB A/ m P/kW  Vy/(mes™) FifEs Fr R,/ kg
63.00 4.02 0.20 981.7
216.91 5.34 0.26 2183.2
157 1.255 41.95 0.64 298.84 2.09 0.95 9.03
388.46 6.30 0.31 4008.4
469.91 6.67 0.33 5081.9
63.00 3.36 0.16 854.4
216.91 4.38 0.21 1944.6
265 1.702 43.29 0.72 368.48 2.70 0.96 12.42
388.46 5.23 0.25 3379.4
469.91 5.51 0.27 4050.5
63.00 3.11 0.15 904.9
216.91 4.25 0.20 1883.4
320 1.750 44.00 0.72 380.71 2.72 0.96 12.78
388.46 5.10 0.25 3246.1
469.91 5.33 0.26 3761.3
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Tab.3  Comparison of the propulsive forces and the flow resistance calculated by SuBankos method

R/ HEk i/ LRI [E S RE AR HE S WATRE T (R-T)/ T/ %
- 0
t m’ P/ kW Vo/ (m+sh) T/ kg R/ kg
63.0 4.02 644.6 981.7 52.29
216.9 5.34 1 695.4 2183.2 28.77
157 282
388.5 6.30 2 560. 1 4 008. 4 56.57
469.9 6.67 2942.6 5081.9 72.70
63.0 3.36 1025.3 854.4 -16.67
216.9 4.38 2287.3 1944.6 —14.98
265 390
388.5 5.23 3376.6 3379.4 0.08
469.9 5.51 3872.3 4 050.5 4.60
63.0 3.11 1025.5 904.9 -11.76
216.9 4.25 2 355.5 1883.4 -20.04
320 445
388.5 5.10 3454.7 3246. 1 -6.04
469.9 5.33 3971.3 3761.3 -5.29
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the propulsive forces of prototype ship
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4 AN A AT K ) 18 A AT A

FIFH T SO R GEMEFE T IRV VT2 MR A e A3 AT K J1 84w , 1R e Ve B AR a5, 43 et
fRFFEIIAE R TR N 50% (140 1) ,75% (210 t) ,100% (280 t) , L1 K 50% (255 kW) ,75% (383 kW) ,90%
(459 kW) ,100% (510 kW) 2 12 Fp T80 By - e AL & 64T T 0H5R For ) FUBEBEEC T 0 ~ 8%0%5 T4

TR A AR 2 T A AL 22 12 K KR IR K TE R S ) T B A5 S 4 45 22 LR (O ~ 8%0) —
F2230(5) VAL REB S — 4 a2 b M — S KA —4% 2 (7) TR B —=X (8) Bl i 1B ) R—
MR T3 ol R S EO T AN T TR MiATRLT) R 25 TS T, WAH 5 W25 5 19 LU R i
TR B Z 2 B i DRI O A S MR ALK FI 8 ; 7500, T TR O I, B B A o A ok

FRAE AR TR XHUE 1 AT T A0, R I T AR INAE 2 Fh i i 2 PP ORI T BE
FI AT M B I S — LU A4, B e A A K 48R (LR 4) .
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Tab.4 The calculated results of the navigable hydraulic parameters of Lancang River

i BRI, FHYE YL/ PELTFE Vy/ (mo-s7h)

t % P/ kW % J=0 J=1%  J=2%  J=3%0  J=4%0 J=5%c J=6%c J=T%  J=8%0
255 50 4.44 4.25 4.05 3.84 3.61 3.36 3.10 2.81 2.50

383 75 5.07 4.92 4.76 4.59 4.42 4.23 4.03 3.81 3.58

140 %0 459 90 5.35 5.22 5.08 4.93 4.78 4.61 4.43 4.25 4.05
510 100 5.52 5.40 5.27 5.13 4.98 4.83 4.67 4.50 4.31

255 50 3.99 3.78 3.54 3.28 3.00 2.68 2.33 1.94 1.50

383 75 4.55 4.38 4.19 4.00 3.78 3.55 3.29 3.01 2.70

210 » 459 90 4.80 4.65 4.49 4.31 4.12 3.92 3.70 3.46 3.20
510 100 4.95 4.81 4.65 4.49 4.32 4.13 3.93 3.71 3.47

255 50 3.64 3.39 3.12 2.81 2.47 2.08 1.62 1.08 0.37

383 75 4.15 3.96 3.74 3.51 3.25 2.97 2.64 2.28 1.87

280 100 459 90 4.40 4.20 4.00 3.80 3.60 3.30 3.00 2.70 2.40
510 100 4.50 4.40 4.20 4.00 3.80 3.60 3.30 3.00 2.70

5 RSB TAT R A TH53 B A8 TR BT SR o AR R AT 4, T S o S0 4 Zh A R il D %
& EHLINARAT —E AL Sh AR S AT 2, Br AR A AL A0 L S A A3k s H ML R H] %58
TR et it B UCR ERUE FTUR (280 1) 90% HUE IR (459 kW) T8 T By - HofF 4 A AR
R 2 R M AT K 1 HE AR
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Tab.5 The navigable hydraulic parameters of typical navigation channel

"oE b (“t@/ e e i (?m,/,)
(A)850kW HERF T 1 1.0 4.0 (E)881 kW A 1o 1.0 3.9
MR-EER 21 000 « S5 4% 2.0 3.0 WALEL  HE1 1000 B4 2.0 3.5
1 000 t 3.0 2.5 ALY 1000 ¢ ZLHEA 3.0 3.1
(B)1 942 kW i, Tidfe 0.8 4.0 0 4.4
JIIT. 181000 ¢ AT 1 A8 2.1 3.1 1 4.2
W 1S b3 C
181000t 5201 A 3.5 3.2 ER(ERAN (F) 300 t HLEL 4 3.6
800 tZ K, 1% 1 560 t 4.3 2.5 5 3.3
D) 350 kW 200 ~
BT, ;oo)té&miﬁi\%s kW ;'(5) j; : ZS
500 F A% M 8 2.4
VB TLAC R AT BT R AR SCLR.

HRAJE DL b i R A 4% i A 9 3 1Y) 3d i K ) F8 A 2 i T s0r A AR
2. i T FRTAC AR BRI SRR AR o g%, “x oopE;
B RO AL I DDA — AR, T f e T e X B

(DSRS0 e, a6 ik aemm 5 °°F % 0, PRI
B3 AR B A R K ARk R aof - ’
FHRLEE R (B, C) , 7K I LR N AR 58— 28 2%0,3%0b T, 1 i
BP0 0.86 W1 1.48 m/s MR BiWTmATK 00 T 2 ¢ e 8 e oo

F1Fa bR R TR R AR R M B DL T A S B[R] — i Bl 2 SR phy ST A S A K R AT Y H
TE XA R A A Y R B AT AN TR AR 5 [l — A8, ARRAEBUAE Fig 2 Comparison of the navigable hydraulic parameters
AL AR BIESE 3 245 3 s AL K T FE bRt AN IS AR A (A, among typical inland navigation channels
E) X RS A

(2) 2 v g vy 22T O P93 A0 7K T 4 bR bR A8 v, T A0 P s o DU A I, 8 I T B0 S 4% 1L DX ]
TRBIMUIE 25 F. AR R ANZR P R A I 0 R, S VLA TR 8 YT A AT 2% 1 22 , R VR TR T8 2% A1 A T AT B 5
BT HINLIE S E 2 0]

(3) T 15 = 38 K 3 FE AR A HAb L XA, AT AR YRS 5 R 2 Fh R E0H s AR T .

6 %4 iE
TR L DT S 0T P2, X DT ML AT B 3 807 1 AT T e R B3, AT A , LA T

PR32 g Al 60 ) A ARATA T BEL a3 2 O BT T, XA A9 DO A 2 B, IO AR AN [T B A
WAV SE S T H SR TR S RE I A SR B [RI AR 1 AR pA T T v Y B S K T 4
bR, IEAS G FAL N TTIE 1K PR EEAT T 288 HE , 9t — B IR AT ALK 1 45 b TR 3t 1 Sl A



Ko A

7K

2010 4F 6 H




552 R, A5 TR TR ) S Ak e bRt 107

& % X #.

(1] ERfRdE. AN H®R KB E R Z R R[], VLA, 1993, 10(2): 1-7. (QIAN Xu-tao. The prospect of the
calculation of the practical ship resistance[ J|. Jiangsu Ship, 1993, 10(2): 1-7. (in Chinese) )

(2] FdA:, EhiEAR. NSO P HEA20[T]. M AR, 1992(5) : 21-23. (TANG Tong-sheng, HAN Hai-lin.
The resistance calculation formula of the inland transportation ship[ J]. Ship Engineering, 1992(5) ; 21-23. (in Chinese) )

(3] WRME, 224keT, FAAA, 45 VR ERERL I kst b 5 a0 [J]. KFIKE TR, 2005(2) : 41-45. (CAO

Ming-xiong, JIANG Ji-hong, TANG Cun-ben, et al. Comparison and analyses of calculation methods for resistance of ships
ascending rapids[ J]. Hydro-Science and Engineering, 2005(2) : 41-45. (in Chinese) )

(4] &= - NS AAA TR R TS [T ], KGE#E T, 2002, 23(1): 7-11. (LI Yi-bin. Discussion on the method of
inland shlp sailing resistance calculation[ J]. Journal of Waterway and Harbour, 2002, 23(1); 7-11. (in Chinese) )

(5] Wioks. = TRE St W SR Tod AR BT T B+ 58 A [0 ] VAR Bebedie, 1993, 10(4) : 1-9. (CHEN Yong-

kui. Ship-team sailing resistance computation and analysis on the open channel navigation of the Three Gorges Project[]].
Journal of Yangtze River Science Research Institute, 1993, 10(4): 1-9. (in Chinese) )

(6] KyIHUER. AiiE TRETFM M), dbat. ANERASHE B ML, 2004, ( Yangize River Waterway Bureau. Navigation project
handbook[ M ]. Beijing: The People Communication Press, 2004. (in Chinese) )

(7] Bk, BB, . KU LW IR SO MEK DR ARIESE (1], JKiz TR, 2007 (8): 78-82. ( YANG Sheng-fa,
ZHAO Xiao-ma, WANG Han. On hydraulic parameter of rapids abating of pebble rapids on the upper reaches of the Yangtze
River[ J]. Port & Waterway Engineering, 2007 (8) ; 78-82. (iin Chinese) )

(8] WRME, Z7E i, RlikfE. MK IR eh e ke[ ], ARKIL, 2004, 35(11): 35-37. (CAO Ming-xiong, LI
Hua-bai, LU Hong-jian. Discussion on the method of hydraulic parameter of rapids abating[ J]. Yangtze River, 2004, 35(11) ;
35-37. (in Chinese) )

(9] &RME. XML BEZ R ARG D]. A, MK FEAFFFEBE, 2005. (CAO Ming-xiong. Study on the
regulation of waterway with rapids in mountainous rivers [ D]. Nanjing: Nanjing Hydraulic Reseach Institue, 2005. (in
Chinese) )

(107 BEIRIT, XURiH. MYAABREECTF) [M]. L. s K2 Mikk, 2004, (SHENG Zhen-bang, LIU Ying-zhong. Ship

principle[ M]. Shanghai: Shanghai Jiaotong Unlversny Press, 2004. (in Chinese) )

Calculation of sailing resistance and navigable hydraulic
parameters for inland ships

TONG Si-chen', XU Guang-xiang', Deng Ming-wen'~
(1. Chongging Jiaotong University, Chongqing 400074, China; 2. Navigation Administration Bureau of Yunnan
Province, Kunming 650021, China)

Abstract:; By taking the Lancang River as the typical mountainous river and according to the results of prototype
navigation testing in the static water area, the original SuBaHkoB calculation method is modified and the flow
resistance calculation method adapted to typical ship sailing in Lancang River is brought forth. Discussion is made
on the flow resistance calculation methods of mountainous inland ships in order to seek its regularities. Based on the
gradient resistance computation, the navigable hydraulic parameters for the rapids shoal of Lancang River are
obtained. Through comparison and analysis of the results of the other inland rivers, the relationship between

navigable hydraulic parameters and navigable conditions is put forward.

Key words: sailing resistance; rapids shoal ; navigable hydraulic parameters; Lancang River



