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A PRELIMINARY STUDY ON THE CIRCULATION RELATED
OF THE COLD WATER-MASS OF THE YELLOW SEA '

1. THE THERMAL STRUCTURE AND THE CHARACTERISTICS OF THE

CIRCULATION IN THE CENTRAL PART OF THE
Yuan Yehli

(Institute of Oceanology, Academia Sinica)

. ABSTRACT

This paper is a preliminary study on the hydrodynamical model deseribing the

. thermal stucture and the properties of circulation related to the Cold Water-mass of
~ yellow Sea. '

From analysis of observations we obtain following five characteristies: 1. The
variation of temperature is larger than that of salt, the variation of density is, therefore,
essentially dependent on the variation of temperature. The state equation of the sea
water may be approximately written as p = po(1 — aT'). There is a thermocline layer
which varies with season, and divides the Cold Water-mass into upper and lower homo-
geneous layers. The contour of most isotherms takes the form of a ‘‘platform’’. In the
central part, the form of isotherms appears concave downwards -a little bit and analo-
gous to the form of the bottom, i.e. in coordinates {z'=z/—H (r), r’'=r}, the isotherms
are very flat. The region with such characteristics occupies the wupper layer, the
thermocline layer and the most of the lower layer, it is referred to primary tempera-
ture-structure region. 2. The motion scale. The motion of ‘water is quite weak, the
characteristic scale V of the tangential (circular) component of velocity is about
30 cm/see, which is much larger than the radial one U, ie. V.~ 10U. 3. The space
scale of motion. The horizontal scale L ~ 100 km, the vertical scale |Ho| ~ 55 m. There-
fore, L >» |H,|, the vertical component of the motion equation can be simplified as the
statical balanced equation. 4. The time scale of motion. The time interval in which
the temperature increases is taken as the time scale T, Ti ~ 10"sec. 5. Determination
of the turbulent coefficient of heat conduetion.l ‘We think that the main causes for the
mixing in the upper sea are (1) the free convection caused by thé buoyancy; (2) the
shear nonstability of the velocity field; and (3) fhe wave stir, among which in the
central part of the Cold water-mass the wave stir is the most important. According to
Prandtl-Karman’s mixing length théory, the turbulent coefficient of heat conduction
can be written as k = koe" ™%, swhere k, = 2 k*6p°w*/bng, B = — gH/B*w* and O (k) ~
10 cgs. The kinematie viscosity coefficient v, which is mainly determined by the motion
of lower.layer water, is adopted as constant, O (v)~ 100 cgs.

Starting from above five points through comparison of the order of magnitude for

N-8 equations, we may obtain the governing equations of motion, equation of continuity,

*  Contribution No. 488 from the Institute of Oceanology, Academia Sinieca.
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and T-equation as follows

—19p -0 < ﬁ)
fo o & fu _ g 0z
dp 1 8ru , -Bw
L= — 1 — aT), — 4 — =0,
0z gon o) or Oz
oL, 0T, , 0T _ 0,01
Bt Br 0z 0z Oz
or &L 1. 95{0 (, 01V OL , 1 0, OTP\OI} _ o (,00)
ot filoz Or / Or r Or Or k/ 0z 0z \ 0z »
pOC Z‘;0 aT A = Q(r; t)iwl z=0 = O:
Oz | _ :
: z=0 o )
Qg iO:' v I z=H "“_-—- 0,' wIzEH = H(")ulx=i~l(r)
Oz |e=—H(r) ,

L= = T(r, 2). v
Comparing the order of magnitude, we can see that.in the first approximation of'
governing equations, the local terms in the equation of motion may be neglected and
the local term in the heat balanced equation is smaller than the other two terms. This
means that the temperature field change slowly under the condition that the :effect of
heat conduction is nearly balanced by that of heat convection, especially in the primary
temperature-structure region, which exists in such a way that there is a heat source on
the sea surface and a cold source (deep cold water) at the lower layer. Now we may
think that in. primary temperature-stucture region the state of motion approach to a
quasi-steady state, i.e. the input of heat on the sea surface is- entirely balanced by the
convection of the heat-driven cireulation. The T-equation describing this state may be
written as . _ ’
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Considered that in new -coordinates {2’ =2/— H (r), " =r}, the motion posesses

following expanssion . :
= () + w(2)rt 4 e, we=w(z) + w(Dr + .-,
= T(2) + To(adr* + -+, H=Hy+ Hp*+ -, |
and since the isotherms are very flat, i.e. [H"] »» |H|A2:/Arr, we can get the relation
between u;(or we) and T, and the equation satisfied by 7T, as follows

ul( )_@2H2 0 (VZ aTo)’ wo( ) gav4H2 QZ‘_O

I B 8z “FH, "~ 0
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This equation is nonlinear, but integrable.

The main-results of this study may s ummarlzed as follows

1. The depth of thermocline

2

, 2B 1—2Bz, 4p%,/4Q>1 29
it shows that the depth of thermocline is proportional to the square of wind velocity,
and also proportional to the negative value of the logarithm of the product of the heat
input and the curvature of the bottom topography, where the f, is a slowly variable
function.

z2=0 . 2 Z =t

V1= 2Be, ‘ «/ g
H, 8 | AH, 24/1+ 4B%/AQ  4p: ko/AQ > 1 Cw/aE,

It méans that the strength of the thermocline is proportional to the square root of the
heat input and inversely to the squdare of the wind velocity.and to the square root of the
curvature of the bottom topography, where f: is a slowly variable functlon

3. The depth of the maximum vertical velocity

—Hey= L QHBADA =B L g gy
2B 1+ Bz +2(B2)*  4p%,/AQ »>1 20

It shows that the depth of the maximum vertical velocity is proportional to the square
of the wind velocity and also to the negative value of ‘the logarithm of the product of
the heat input and the curvature of the bottom topography, where:f i isa slowly varlable-
functlon

. 2. The strength of the thermoclme
_1 aTo _ B

T

4. The strength of the maximum vertical veloclty

) % V(0 = Bz,)(1 + Bz, + 2(Bzy)")
H, - 2w o/1+ 4B k,/AQ

. 4gH, —
= f“‘l T 21 + fu
4B ky/AQ > 1 H, V2hw+f,

It shows fchat' the strength of the maximum vertical velocity is proportional to the
" square root of the product of the heat input, the curvature of the bottom topography
and the logarithm of the wind velocity and inversely to the depth of the bottom, where
tu, tu,,are two slowly variable functions, N
5. The form of the circulation of the central part of the Cold Water-mass
In upper layer, where 2z > 2., % > 0, water-mass is divergent from the centre; and in
the lower layer, where 2 < 2z», u < 0, water-mass is convergent iowards the centre, it
is, therefore, that in whole water. layer,w > 0, i.e. there is an upward vertical velocity
from bottom to surface. This picture of circulation is shown in Figure 1. '
The results of theoretical calculations and its comparison with actual observed data
are shown in Figures 5—8. They indicate clearly that within oceanographie accpracy'
these results agree with each other: satisfactorily.
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