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Fig. 1 The relationship between sailing course and streamlines in still-water navigation speed tests
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Tab.1 A summary of test results of navigation speed in flowing waters

#HoE HEk Sz K WS I CIES X i R XA
G/t W/ m T/ em N/ (r +min7") P/ kW V,/ (m-s) V/ (m-s") V./ (m-s")
250.36 63.00 1.55 2.16 3.71
373.40 216.91 2.73 2.42 5.15
157 282 125.5
453.69 388.46 4.01 2.17 6.18
483.52 469.91 4.25 2.31 6.56
250.36 63.00 0.83 2.01 2.84
373.40 216.91 1.70 2.51 4.21
265 390 170.3
453.69 388.46 2.95 2.17 5.12
483.52 469.91 2.92 2.49 5.41
250.36 63.00 0.48 2.36 2.84
373.40 216.91 2.03 2.05 4.08
320 445 175.0
453.69 388.46 2.52 2.47 4.99
483.52 469.91 3.15 2.08 5.23

r 6
56 okl
£ £
-~ 5 o 4F EHE 280t
g 5 E 4 MEHE
X4l G % 3l
i P A —NEEE 265t b
A/,/ o--o FHE 320t
3 [C] I 1 1 | 2 1 1 1 L )
0 100 200 300 400 500 0 100 200 300 400 500
BRINE/ kW BYINE /KW

K2 KRS SR A SR
Fig.2  The relationship between still-water navigation speed and effective power
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Tab.2 The modified results of still-water navigation speed

B & TKE AR MIE) WD KRGE | BAWE | WARE G Co/  C/ G

G/t W/ nm P/ kW T/ kN Ry/KN  V/ (m+s") Vo/ (mesT') Vo/ (m=s™') ¢ % % %
63.00 6.32 1.27 3.71 4.02 4.15 7.71  10.60 20.09  3.23
216.91 16.63 1.27 5.15 5.34 5.36 3.5 3.92  7.64  0.37
157 82 388. 46 25.11 1.27 6.18 6.30 6.34 1.90 2.52 5.06 0.63
469.91 28.87 1.27 6.56 6.67 6.71 1.65 2.24 440 0.60
63.00 10.06 1.76 2.84 3.36 3.13 15.48 9.27 17.50 -6.85
216.91 22.44 1.76 4.21 4.38 4.39 3.88  4.10 7.8  0.23
265 3% 388.46 33.12 1.76 5.12 5.23 5.26 2.10 2.66 5.31  0.57
469.91 37.99 1.76 5.41 5.51 5.54 1.81 2.35  4.63  0.54
63.00 10. 06 2.01 2.84 3.11 3.17 8.68 10.41 19.98  1.93
216.91 23.11 2.01 4.08 4.25 4.27 4.00 4.45  8.70  0.47
320 s 388.46 33.89 2.01 4.99 5.10 5.14 2.16 2.92 593  0.78
469.91 38.96 2.01 5.23 5.33 5.37 1.88 2.6l 5.16  0.75

TE: Vo FRBLPE K (3) B IERYFKIIIE ; Ve, FAEBE I A L2 (5) B IEMTKMTE ; Co, A Ve SR KA v, Z I 22, ] C,, =
(Vo =V)/Vo3Cop T Vo, SRR V, Z I 2E, ]I Cop = (Voy = V) /Voy €, USSR 1 AR B LL, B0 €, = R, /T5C, RV,
5 Vo ZEEIWZE ]I Cy = (Vo = Voy )/ Vo s BB IE R EL o B 1. 15.



18 KoM ok oaET OBO¥ W 2012 46 A

MRPE AR DTHAE IE L5, AT 2 R AR .

(1) HKATHE 5 AR 2 FIEEBOCR AT E— O (WA 2) . % T A5 A 408 8 280 +, HF
JKEER 405 t, AR AT 194006 2 IS DL B # KT 5 A R RN

V, = 1. 145" (6)

W FEHLAE R 510 kW BT V,=5.58 m/s, B 20. 1 km/h 388K 22 km/h f/)N, 3% 505217 T
ZAEA K.

(2) % FeBH 3 P ABE g ) He A8 e B ok s, — 2 i 22 AR s U (R 2 iy €L BR 1A AU R
RIS UhBH R X W R i 34 T ik 21 H B4, 1 BH 7 [5) L i B8 Sy faj i

(3) TS5 X 7K R ) e 222 B R~ 33 886 B o AR 00 %) L RIS X 3k 2 TR iy €, €y, € 1B
FIE . Y3 RERE T o A0 T 1 L AN R X 7K A 855 i AL T 1% O 225 249 A 35 e REL 7 o A0 48 1 L 43 1)
—2 AR, 2B AR T 5 AR T ) LS AT 109% B X K AT R R AR A IR 25 A3 5%

3 & iE

(1) FEBA G B K SR A /K D03 S A 0 I IO 06 4% 365 B ) s /K I s B B 6 V1 8 ) K TR
BT BE LA MK B L 5 B PR K IR AR X -2 ELIAC I LU R R AR A AN TR B, LR UE K 3 2 50
TR RE I s B K PRI 1) 5y S AR S A R — BT B, R sl MR RHAD R B4 L A 52 .

(2) AEhKSHEAT AT 1S | i T K T, AN 5 28— B0 204 ) 25 SRS K BEL 0, o 7Kk Ao it
AR MU S /1N, A TE. AR SCHCHE K SR 77 22350 T T s MK R BEL 7, T stk Sl s 22 () e Pl s 2
BEL 3 0K R BEL 7 B JEL e, 418t T BEL Y vk R EL g [R] B i PR K TR A T D7 12 BEL TS Pk ) S B 2 sl K
SRl 3 BHL 3 AU REL 7 22 -5 oK S K BT 1887 BEL T 1) 9 1) S e AN A A i i 138 140 3 7 -5 ok 119
7 E HE.

(3) R 7KL A QA A AR AL 114 i 22 HCPR 30 KR LT BT o A AR AR T3 68 A9, 257 T 3 B/ 0, 35 e L 77 o
FERRHE ) Y L BIAS R 109% I, IR K s AR oK A R A R 22 AN 1) 5%

& % X #.

(1] BRI, RGER, R&8. MR IM]. Jbat. EEG Tk AL, 1995. (SHAO Shi-ming, ZHAO Lian-en, ZHU Nian-
chang. Ship resistance[ M]. Beijing: National Defence Industrial Press, 1995. (in Chinese) )

[2] TANIGUCHI T. On a new method of correction for wind resistance relative to the analysis of speed trail results[ C] // Proceedings
of 11" ITTC, 1966.

[3] THOMSON G R. BSRA standard method of speed trail analysis[ R]. BSRA Report NS 466, 1978.

[4] CB/T 3970-2005, ALAFMLEE AR DGPS Mk [ S]. (CB/T 39702005, Measurement methods for ship speed and
maneuverability with DGPS[ S]. (in Chinese) )

(5] EANE, WA, SRR I AR (1], BRAN TR, 2005, 27(6) : 49-51. (XIA Li-qing, FAN She-ming.
Comment on correction methods of ship speed trial results[ J]. Ship Engineering, 2005, 27(6) : 49-51. (in Chinese) )

[6] T2 FIH GPS MM AIME K E [ T]. MY TR, 2005, 27(5) : 5-8. (DING Ju. Study of algorithm for ship speed
measurement using GPS[ J]. Ship Engineering, 2005, 27(5) ;: 5-8. (in Chinese) )

(7] BUET:, EF5, kT, SCATE s ik B it EHLE shik [J]. H E MY, 2009, 50(3); 135-145. (GU
Ming-yu, WANG Yan-ying, ZHANG Jia-ning. Method of speed trial and automatic date processing and analysis with computer for
transport ship with full-scale[ J]. Ship Building of China, 2009, 50(3) : 135-145. (in Chinese) )

(8] XEHASC. ZXE M Anih ol 3R Lk e A S ], R EKIZ, 2009, 9(4) : 39-40. (DENG Ming-wen. The development
and use of real-time measuring instrument of shaft power for multiple screw ship[ J]. China Water Transport, 2009, 9(4) ; 39-
40. (in Chinese) )



5 3 1 VROGHE, 45 SlokaEA T K o i 1 ) I 557 ik 19

(9] KVLAUE . A TRFMIM]. dbat. AR E s, 2004, ( Yangize River Waterway Bureau. Navigation project
handbook[ M ]. Beijing: The People Communication Press, 2004. (in Chinese) )
[10] BEPR, VPOGRE, XBEISC WE TCAIAALA TR Rk e brmfse[J]. NRIKIL, 2010, 42(2) : 67-72. (TONG Si-

chen, XU Guang-xiang, DENG Ming-wen. Calculation of sailing resistance and navigable hydraulic parameters for inland ships

[J]. Yangtze River, 2010, 42(2): 67-72. (in Chinese) )

Estimating methods for still-water navigation speed in flowing water

XU Guang-xiang, CHEN Xi
( Chongqing Jiaotong University, Chongqing 400074, China)

Abstract ; In order to achieve the ship still-water navigation speed, some prototype tests have to be implemented in
flowing waters due to certain restrictions. The ship navigation speed in flowing waters is different from that in still
water because the propulsive force can’t be completely transformed to be the driving force owing to the water
gradient. Based on a series of vessel prototype tests for still-water navigation speed conducted in a flowing reach of
the Lancang River, this paper presents two methods for correcting still-water navigation speed, the drag balance
method and the resistance comparison method. Both methods lead to close results, and the drag balance method is
simpler. Theoretical analyses and case studies indicate that whether navigation speed in flowing waters is able to
replace still-water navigation speed may depend on the ratio of the resistance due to hydraulic gradient to ship’s

propulsion.

Key words: flowing water; prototype tests; navigation speed in flowing waters; still-water navigation speed;

gradient resistance; drag balance method; resistance comparison method
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