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A PRELIMINARY STUDY OF THE TIDAL FLUSHING IN
HANGZHOU BAY II. LOWER ESTUARY*

Mao Hanli, Gan Zijun, Shen Hongshu and Lan Shufang

(Institute of Oceanology, Academia Sinica)

ABSTRACT

This paper is a continuation and development of our previous paper entitled “A Prelimi-
nary Study of the Tidal Flushing in Hangzhou Bay I. Upper Estuary”. The main purpose of
these two papers is to study the tidal mixing, the salt balance and the momentum balance of
the Hangzhou Bay.

In order to get the necessary data to study these problems in the lower estuary of this Bay,
two kinds of observations were taken in March and July, 1963. The routine cruise i.e. using
single vessel and ‘‘stationing” one by one method was undertaken to obtain the data for discri-
bing the distribution of salts and the general tendency of currents of the study area. Due to
the fact that Hangzhou Bay is a bay of strong tidal current, all measurements obtained by the
routine cruise involve significant tidal effect, and therefore, is not good enough for mapping
a chart showing simultanenous distribution of salts and currents. To avoid this difficulty,
two cruises were taken, and at each station approximately 6 hours time-difference were pro-
grammed, that means these two measurements were taken at times out of phase of tides. In such
a way, the averaged values of these two measurements at each station may be considered as a
good time-mean value of each station. For those stations observing 25 hours continuously (cal-
led “overnight station™) we got the data for detailed study of tidal mixing, salt balance and
momentum balance. The instantaneous value of a physical quantity obtained within a period

* Contribution No., 1368 from the Institute of Oceanology, Academia Sinica.
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of 25 hours (taking one record every 5 minutes) may be separated into three terms: (i) time-
mean term over one or more tidal periods; (ii) a term associated with tidal variation; and (iii)
a term associated with turbulent motion.

In this paper, three main problems were studied.

Firstly, the order of magnitude of the horizontal mixing (diffusion) coefficients has been
estimated. Under steady state, it is reasonable to assume that the salt distributions are essentially
maintained by the balance of horizontal advection and horizontal diffusion. In Hangzhou Bay,
it is to be noted that currents are predominately longitudinal, i.e. nearly parallel to the shore-
line, therefore, the equation of salt diffusion may be simplified to a balance of horizontal longi-
tudinal advection and horizontal diffusion. For convenience, the expanded form of Ue6bimer's-
orothogonal polynominal may be employed to calculate the salt distribution of the lower estuary
of Hangzhou Bay. Finally, it was found that the horizontal mixing (diffusion) coefficient Ku
for this area was approximately equal to 1X107 cm®/s. It agrees very well with the result obtain-
ed in our previous paper.

Secondly, the large-scale horizontal turbulent exchange was discussed. For this purpose,
Ertel’s theory of tensor exchange has been used. Using this theory, coefficients of turbulent mo-
mentum exchanges have been calculated and momentum exchange ellipses have been construc-
ted. Thus, the strength of turbulent mixing and its characteristics in any (horizontal) direction
in the study area can be inferred. Calculated results show that the coefficient values of momen-
tum exchanges lie within a range of 0.06 X 10"~20.73X10" g-cm/s. 'The general characteristics

nay be summarized as follows: (i) turbulent momentum exchange is anisotropic, i.e. the exch-
ange along shoreline (longitudinal) is much stronger than that normal to the shoreline (tran-
sverse or lateral); values of the exchange coefficient of the former (longitudinal) may be two
orders of magnitude higher than that of the later (lateral). The turbulence is greatly reduced
"in the directi_on normal to the shoreline, therefore, the value of exchange coefficient which cha-
racterizes the strength of turbulence is much smaller. In the study area, tidal current is main
constituent of the turbulent motion, we may further conclude that the strength of turbulent ex-
change actually represents strength of tidal mixing. (ii) The strength of turbulent exchange
in different direction is also reflected in the fact that the minor-axis of the exchange ellipses
is along the direction of shoreline, and from this fact, we may further conclude that the major-
axis of tidal current ellipses should also along the direction of shoreline, that agrees well with
the observed facts. (iii) Comparing the momentum exchange ellipses of surface layer with those
of 5m layer, it is found they are very much similar to each other, that means the strength of
horizontal momentum mixing within these two layers must be approximately the same. (iv) Ca-
lculated results also show that values of horizontal coefficients of momentum exchange Axy and
Ayx have no significant difference, that is to say, the assumption of symmetry of turbulent ex-
change tensor is verified.

Thirdly, salt balance and momentum balance of the lower estuary of Hangzhou Bay have
been calculated in a detail way. Following Pritchard’s method of calculation of salt balance
and momentum balance in Chesapeake Bay, we calculated these quantities of the study area
from the data of 4 “overnight stations” taken in July, 1963. For the calculation of salt balance,

all terms of the advection-diffusion equation, including local time variation (g—— and verti-
t

. _ 88 .
cal advection (w —— ) have been evaluated. Results seem to show that terms of local time va-
2
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riation (-5;—>, longitudinal advection <u 73;->, longitudinal diffusion (

P ->, lateral ad-
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vection \ # =—/, lateral diffusion( ; )and vertical advectio n(w ——)are all of the same
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order of mag nitude, ie. 1X 10" g/m’-s, and the lateral advection terms have the largest value

3X10% g/m’-s. But the evaluated value of the vertical diffusion term (a”’ 'S
Oz

the algebra sum of all other terms of the advection-diffusion equation is unreasonable. Because

the turbulent flux of salts is downward, salts are diffused from less saline upper water to more
saline lower water.

> which represents

It is contradictory to the natural phenomena and it is obviously unrea-
sonable. This problem, therefore, deserves further investigation.

As to the momentum balance of the study area, we, considering the steady state, used dif-

ference method to calculate values of various rerms in the equation of motion. Calculated re-
. . . g - Ou
sults show that in the equation of motion, the longitudinal momentum transfer term (u 5,
’ y

) have the highest values, Coriolis term is

- Ov
and the lateral momentum transfer term <v e
y

smaller than them, and pressure terms are much smaller. Terms of turbulent momentum tran-

sfer can not be evaluated at present because of lack of reliable refined data.



