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Fig.1 Sketch diagram of density profile Fig.2 Fitting with hyperbolic tangent model vs.

measured potential density profile
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Fig.4 Observation sites of twelve months in the South China Sea
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Fig.5 The measured potential density profiles in the South China Sea in twelve months and

the corresponding fitted profiles by the modified model
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Fig.7 The measured potential density profiles in different oceans and

the fitted profiles by the modified model
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Table 2 Fitting errors of the modified model and Lamb’s model in twelve months
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Table 3 Fitting errors of the modified model and LLamb’s model in different oceans

L kAT S (H Uik E S {E

a i 0.046 8 0.014 8

b 0.029 5 0.011 6

c i 0.029 9 0.010 2

d a5 0.036 4 0.014 1

e 5 0.069 5 0.020 3

a5 0.188 7 0.019 0

g i 0.002 1 0.000 8

h s, 0.002 0 0.000 3

i 0.000 5 0.000 1
+ SA
3 én Tu

) FH9EE 74 %85 B 93 A1 )R 2 B0 i 20 1 9 7K 8 B2 23 A 5 R AR WF 58 10 A 45 B G B 3 D (. X L
S A B TR AT 2 R o3 B ) 3o R b R B, A 6 XS T 7D % R ) A TR (SO0 XM ) i S R
JEE ¥ ThT H AT 5 A ) 4005 G TR X T B Sy LA 7 R o R ) SR AN o AR SC LA A4 0L T U R I T
B g FE At L I — MBI R R AR T — > A A R TR RO A R T A S8 R T U
0 AT B4 T B DR DR A R 17 X L S 9 9P 30 T2 1) T ) 40 0 B (A% e LA ) 3 B8 ) T A 28 A S R 54k 30 (11
[6] 4 S” 71 285 2 FJ T o i1 L AE 6% 48 3 B Sy DL 0y B — [ e ) 7 B R T . R A R 2 A SR SR T Ay
P8 52 o 8 T2 1) T L0 K i AT 18 IE R W B AR R B AT ) W B A



36 o By o R 39 %

S % 3Lk (References) :

[1] TANDL, ZHOU J F, WANG X . et al. Combined effects of topography and bottom friction on shoaling internal solitary waves in the
South China Seal ]J]. Applied Mathematics and Mechanics, 2019, 40(4): 3-16.
[2] YINSG, ZHU Y Z, ZHONG M, et al. Study on seasonal variations of global ocean mass[J]. Journal of Geodesy and Geodynamics,
2005, 25(4): 33-37. BRIR)T, AMEAP, Bhi, S ek ok s R gE ()], K & SR . 2005, 25(4) . 33-37.
[3] GUOT T, WANG Z, GUO C C, et al. Sensor measurement technology of sea-water density[ J]. Mechine Tool and Hydraulics, 2012, 40
(3): 154-156. FRRAK . FF, Wifroh, S5, g8 B0 AR IR ROR ZRIR [T, MUR S WK . 2012, 40(3): 154-156.
[4] ZHANG L, YES, ZHOU S D, et al. Review of measurement techniques for temperature, salinity and depth profile of sea water[]J]. Ma-
rine Science Bulletin, 2017, 36(5): 4-12. 5kJg, MY, JAIRGE , A5, K il 4 R0 il 4k 5 R ZR (], W e, 2017, 36(5): 4-12.
[5] LIUJF, MAO K X, ZHANG X J, et al. The general distribution characteristics of pycnocline of China Sea[ ] ]. Marine Forecasts, 2013,
3006): 21-27. X@:J7 . BB, SKRIEM . 45, v [E i % B ERZ B4R AE R oL L) ], MU . 2013, 30(6) . 21-27.
[6] XUBC, WANG Y Z, TIAN S Z. Simulation of vertical distribution of sea-water density (¢_t) in shallow sea[]J]. Journal of Oceanogra-
phy of HuangHai and BoHai Seas, 1983,1(1): 9-12. &A1&, F—32. MRB. WK EE (o_o I B A5 BT B8 1
1983,1(1): 9-12.
[7] XIANG W Z, SHEN G G. Analysis of submarine-induced internal wave wakes in a stratified fluid[ J]. Journal of Ship Mechanics, 2005, 9
(4): 20-26. TUABAE . P REDE. 502 0 b i O N SR I A5 09 0028 20 He [T, AR 3 2% . 2005, 9(4): 20-26.
[8] CHEN X G, SONG ] B. Second-order random wave solutions for interfacial internal waves in N-layer density-stratified fluid[J]. Chinese
Physics B, 2006, 15(4): 756-766.
[9] SU X B, WEI G, DAI S Q. Two-dimensional algebraic solitary wave and its vertical structure in stratified fluid[J]. Applied Mathematics
and Mechanics, 2005, 26(10): 1143-1151. JRBEPK, B, SHLSR. 4302 00 o ity — 4 O8O ST g K HC 3 1) 25 44 L ). 0 FH 0% g %
2005, 26(10): 1143-1151.
[10] LAMB K G, XIAO W. Internal solitary waves shoaling onto a shelf: comparisons of weakly-nonlinear and fully nonlinear models for hy-
perbolic-tangent stratifications[ J]. Ocean Modelling, 2014, 78; 17-34.

[11] GRIMSHAW R, GUO C C, HELFRICH K, et al. Combined effect of rotation and topography on shoaling oceanic internal solitary
waves| J]. Journal of Physical Oceanography, 2014, 44(4). 1116-1132.

[12] BOYER T P, ANTONOV O K, BARANOVA C, et al. World Ocean Database 2013[ M]. US. Silver Spring: National Oceanic and At-

mospheric Administration, 2013.

A Modified Density Profile Model of Sea Water

TAN Da-lin"*, ZHOU Ji-fu'*, WANG Xu'
(1. CAS Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Beijing 100190, China;
2. School of Engineering Sciences s University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The density profile of sea water is a crucial environmental factor affecting the generation and evo-
lution of internal waves. The density profile is usually modeled with hyperbolic tangent function, however
it does not work well when it is used to model density profile with a shape like "7", which is common in o-
cean. In the present paper, the commonly used hyperbolic tangent density profile model is modified by in-
troducing a correction coefficient. The modified model, inheriting the merits of the original model, can
well describe the characteristics of thermocline and is much more accurate than the original model. Appli-
cation of the modified model in global oceans demonstrates that it can be widely used to model sea water
density profile.
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