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Abstract    The calculative method of heat transfer coefficient between ice cover and water is 

analyzed considering the heat balance at ice cover bottom firstly. The heat transfer coefficient is 

calculated with the meteorological, oceanographic data and sea ice conditions measured on the JZ20-2 

Oil/Gas Platform in the Bohai Sea during the winter of 1997/1998. From the results, it is shown that 

the heat transfer coefficient is smaller in the freezing and melting periods, which is about 0.16×10
-3
 an

d 0.04×10
-3
 respectively. In the middle of ice season, the heat transfer coefficient has a larger value, 

which is about 0.5×10
-3
. Lastly, the influences of ice thickness and ice type on the heat transfer 

coefficient are discussed. With the heat transfer coefficient determined above, the oceanic heat flux in 

the winter of 1997～1998 is calculated, and its trend in the winter is analyzed. This study can be 

referenced in the sea ice numerical simulation and prediction in the Bohai Sea.
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are all the variables of t.

2    Calculation of Heat Transfer Coefficient in the Bohai Sea 

To study the characters of sea ice growth, drifting and breakup, a field sea ice observation station 

is established on the JZ20-2 oil/gas platform in the Liaodong Bay. The meteorological data, 

oceanographic data and sea ice parameters can be measured in the winter. Moreover, the solar 

radiation, conductive heat flux and relative water velocity at the ice cover bottom can be calculated 

with a sea ice dynamic-thermodynamic model. With the data measured and calculated, the heat 

transfer coefficient can be determined with the equation (4).

2.1   Instrumentation on the JZ20-2 platform
The sea ice observation system on the JZ20-2 platform mainly consists of four subsystems, i.e. 

weather station, current meter, marine radar system and video recorders. With the weather station, air 

temperature, wind velocity, relative humidity, atmospheric pressure and solar radiation are recorded 

continuously. With the current meter, water temperature, salinity, current velocity and tidal level are 

recorded per 15-minute during the whole ice season. A video camera run by a computer automatically 

is fixed on a platform pile. When the ice cover is broken and turned up under the action of ice-broken 

cone, the sea ice thickness is measured with the video camera. At the same time, the sea ice type and 

velocity are also measured. Through the marine radar system, ice velocity, ice type can be observed. In 

the winter of 1997/1998, the ice season for the JZ20-2 area was about 40 days, from 8 January to 20 

February 1998. In the whole ice season, air temperature, wind velocity, water temperature, water 

salinity, ice thickness and compactness measured with the sea ice observation system are shown in Fig.

1.

2.2    Calculation of heat transfer coefficient
In the Bohai Sea, the sea ice breaks up constantly under the action of wind, current and tide, so 

the growth of the ice thickness is discontinuous, which will bring some trouble to the sea ice numerical 

simulation with a dynamic-thermodynamic model. In order to deal with the problem, the whole ice 

period is divided into several periods, and each one is about 3－5days, in which the influence of 

dynamic action is not strong, and the simulated sea ice thickness may be modified with the observed 

data. 

With the ice thickness measured at 8:00 and 17:00 in three days from 1998－01－11 to 1998－01－1

4, the solar radiation and the conductive heat flux at the ice-water interface, the relative velocity and 

temperature between ice bottom and water were calculated with the sea ice numerical model from 00:

00 of 1998－01－11 to 00:00 of 1998－01－14, and the results are shown in Fig. 4. With the equation (

4), some results in the calculation process are listed in Table 1, and the mean value of the heat transfer 

coefficient in the three days is 0.26× 10
-3
.
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Fg. 1    Time series plots of (a) air temperature, (b)wind velocity, (c) water temperature, (d) current velocity, (e) 
ice thickness, (f) ice compactness measured in the JZ20-2 area in the 1997/1998 winter. 

    

(a) solar radiation at the ice-water interface (Qsb), (b) conductive heat flux at the ice-water interface (Fc ), 

(c) relative velocity between the ice and water (Uwi), (d) temperature difference (Twi).
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Fig. 2    Sea ice thermodynamic and dynamic factors calculated from 00:00 of 1998-01-11 to 
and 00:00 of 1998-01-14. 
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Tab. 1    Some results in the calculation process for the heat transfer coefficient

With the method above, the heat transfer coefficient in the winter of 1997/1998 is calculated, and 

the results are shown in Fig.3. In the freezing and melting periods, the heat transfer coefficient has 

smaller values, which were 0.16×10
-3
 and 0.04×10

-3
 respectively. In the middle of the ice season , it is 

up to 0.5×10
-3
. On the basis of heat transfer coefficient determined above, the oceanic heat flux in the 

whole winter of 1997/1998 is calculated with bulk formula, and the results are shown in Fig. 4. The 

results show that the oceanic heat flux is different in the whole winter. In the freezing period, the 

oceanic heat flux is more than 300W/m
2
, and then decreases continuously with the extension of the ice 

season.  At the end of the ice season, it trends to zero.
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Fig. 3    Heat transfer coefficient (Ch) and its fitting curve in the winter of 1997/1998
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1998-01-11
08:00 7.0 -- -- -- --

17:00 6.0 --1.0 5.92 --2.17 0.21

1998-01-12
08:00 8.0  2.0 6.01 --11.11 0.19

17:00 6.5 --1.5 3.25 --0.27 0.35

1998-01-13
08:00 8.0  1.5 4.77 --9.21 0.23

17:00 7.0 --1.0 3.99 --2.66 0.34
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Fig. 4    Oceanic heat flux (Fw) calculated with the heat transfer coefficient in the winter of 1997/1998

3    Discussion

The heat transfer coefficient controls the value of oceanic heat flux directly, and also has great 

influence on the results of sea ice numerical simulation and prediction. The bulk method of oceanic 

heat flux is a semiempirical formula, in which the heat transfer coefficient is usually set as a constant 

value. In fact, the heat transfer coefficient is sensitive to ice thickness and ice roughness. From the 

results above, it is shown that the value of heat transfer coefficient has a smaller value in the freezing 

and melting periods, and in the middle ice season, it has a large value. The influences of ice thickness 

and ice type on the heat transfer coefficient are described as follows.

(1) Ice  thickness.  Under  the  condition  of  thin  ice  cover,  the  water  exchanges  heat  with  

the atmosphere through ice cover easily. At the bottom of thick ice cover, the temperature gradient is 

lower than that of thin ice cover, which affects the heat exchange between ice cover and water. From 

the change of ice thickness and heat transfer coefficient of the winter of 1997/1998, we can find that 

the heat transfer coefficient increases with ice thickness. 

(2) Ice type. The roughness of level ice, rafted ice and pancake ice is different obviously. Based 

on the boundary theory of ice cover, the contact area of ice and water increases with ice roughness, 

which causes the heat transfer sufficiently. Therefore, the heat transfer coefficient of rough ice is 

larger than that of smooth ice.

4    Conclusions

The heat transfer coefficient is calculated based on the sea ice dynamic-thermodynamic numerical 

simulation, and the meteorological data, oceaographic data and sea ice conditions measured on the 

JZ20-2 oil/gas platform in the Bohai Sea in the winter of 1997/1998. The results show that the heat 

transfer coefficient is different at different times. It is smaller in the freezing and melting periods, 

which is 0.16�10
-3
 and 0.04×10

-3
 respectively. In the middle of the ice season, the heat transfer 

coefficient has a lager value, which is about 0.5×10
-3
. According to the heat transfer coefficient 

calculated in this paper, the oceanic heat flux in the winter of 1997/1998 is calculated. It is more than 

300 W/m
2
 in the initial ice period, and then decreases with the ice period. At the end of the ice period, 

it is close to zero. Based on the sea ice data measured on the JZ20-2 platform and the heat transfer 
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coefficient determined above, it is found that the heat transfer coefficient has close relationship with 

roughness and thickness of ice cover.

In the JZ20-2 sea area of the Liaodong Bay, the heat transfer coefficient has been calculated and 

has passed the reliability check, but its accuracy should be examined in other areas of the Bohai Sea. 

With further study, the oceanic heat flux of the whole Bohai Sea can be calculated with bulk formula 

to improve the computational precision of sea ice numerical simulation and prediction.
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