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depending on the coefficients P and R using special nomograms compiled for each coolant flow scheme
separately (see, for example, [6, p. 48]).
Functional coefficients that affect the value of this correction:

sz and R:M_

fwl tswl tst - tswl

Conclusions

1. Inthe process of mathematical modeling, the features of thermal design calculation of the “box-cooler”
type heat exchangers for double-circuit cooling systems of ship power plants were considered.

2. A mathematical model of this heat exchanger has been developed, which can be used both for its design
and for verification analysis of operation in various modes.
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Abstract. The influence of the output thermal power on the characteristics of the heat exchanger is analyzed.
The influence of the height of the tube bundle and the temperature of the seawater on the heat transfer from the
tube surface to the seawater is considered in detail.

Keywords: ship power engineering; heat exchanger; box cooler; operational parameters; geometric
parameters.

In recent years, box-cooler heat exchangers have become widespread in the power plants of small and
medium-displacement vessels [1-3]. The purpose of this study was to analyze the features of thermal calculation
of box-cooler heat exchangers for double-circuit cooling systems of ship gas turbine units. The working processes
in box-cooler heat exchangers were chosen as the object of study. The subject of the study was the thermal
characteristics of these heat exchangers.

The heat flow Q,_, that must be removed to the sea water from marine simple cycle gas turbine power plants

in the vast majority of cases is regulated by the amount of heat removed during cooling of the oil from the
lubrication systems of the gas turbine engine and its gearbox. Based on the developed mathematical model [4],
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using the traditional sequence of constructive thermal calculation for the logarithmic mean temperature difference
method, we will assess the influence of the output thermal power Q_ _ on the characteristics of the heat exchanger
of the “box-cooler” type.

In the analysis, we will assume that the heat exchanger tubes with a size of 16 x 0.8 mm are made of copper-
nickel alloy MHXMmu10-1-1 (CuNi10FelMn), which has a thermal conductivity A_ =50 W/(m-K). The height

of the tube bundle H =1.5m. We will also assume as constant the temperature of fresh water at the inlet and
outlet of the box cooler t,, =43 °C and t;, = 31 °C; the temperature of sea water at the inlet t,, =15 °C; the

oxXnt

flow rate p =0.41; the thermal resistance of contaminants, respectively, on the hot and cold sides of the walls
Rs,. =0.86:10* (m?-K)/W and Ry, =4-10"* (m?-K)/W; the velocity of fresh water in the tubes w =2 m/s.

The calculation results show that with fixed values of the specified parameters, the qualitative characteristics
of heat transfer remain almost unchanged when varied Q_, : Rayleigh number (Gr-Pr) =9.64-10'%; heat transfer

coefficient from the outer surface of the pipes to the sea water o, =477 W/(m?-K); Reynolds number for fresh
water Re,, =40742; heat transfer coefficient from fresh water to the inner walls of the pipes

op x

a, =9592 W/(m?K); average heat transfer coefficient for the entire heat exchange surface k =370 W/(m?-K);

mean temperature difference At =(19.6...19.8) °C. The change Q,,, leads only to an almost directly proportional

OXJ1

change in quantitative indicators — sea G, and fresh G,, water consumption, which is clearly visible from

Fig. 1, a. The dependence of the required area of the heat exchange surface of the box cooler on the initial heat load
on it is shown in Fig. 1, b.
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Figure 1 — Dependence of coolant consumption (a) and the required area of the heat exchange surface (b)
on the thermal load on the box cooler

Considering that the limiting influence on heat transfer in the heat exchanger is the heat transfer from the
outer surface of the pipes to the sea water, which is realized due to natural convection, we will separately consider

the influence on this factor of the height of the pipe bundle A and the sea water temperature t_,, . Calculations
will be carried out with the previously specified fixed parameters under the condition Q_ = 1000 kW.

OoXJI

In the first case, with a constant value of t_,, =15 °C, we vary the height of the pipe bundle H in the range
from 1 to m. The calculation results are shown in Fig. 2.

The nature of the change in the heat transfer coefficient o, is mathematically explained by the functional
dependence of this parameter on H , which follows from the corresponding criterion equation. Increasing the height
of the tube bundle from 1 to m leads to an increase in the coefficient o, by 13 %. As a result, the heat transfer
coefficient k increases by 10 %, and the required area of the heat exchange surface F decreases by 11 %.

In the second case, with a constant value of H = 1.5 m, we vary the temperature of the sea water at the
entrance to the sea chest t,,, in the range from 15 to 25 °C. The results of the calculations are shown in Fig. 3.

The increase in the temperature of the sea water t,, causes a decrease in the temperature difference At (in

the analyzed range from 17.0 to 8.8 K) and a corresponding decrease in the Grashof number, which leads to a
decrease in the heat transfer coefficients a, (by 10%) and k (by 8 %). It should be noted that the significant
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increase in the required heat exchange surface area F (by 2.18 times) is explained mainly not by the influence of
heat transfer o, but by the simultaneous decrease in the mean temperature difference At (from 19.6 to 9.8 K).
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Figure 2 — Dependence of heat transfer coefficients (a) and the required heat exchange surface area (b)
on the height of the tube bundle
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Figure 3 — Dependence of heat transfer coefficients (a) and the required heat exchange surface area (b)
on the temperature of the sea water
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Conclusions

1. The influence of the output thermal power on the characteristics of the heat exchanger has been
analyzed; the dependence of the qualitative and quantitative indicators of heat transfer on it has been established.

2. Taking into account the limiting influence on the transfer of heat from the outer surface of the pipes to
the sea water, the influence of the height of the pipe bundle and the sea water temperature on this factor has been
considered in detail. It has been determined that the increase in the latter leads not only to a deterioration in heat
transfer, but also to a simultaneous decrease in the mean temperature difference in the heat exchanger.
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