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The “box-cooler” type heat exchanger consists of a bundle of U-shaped tubes fixed in a tube sheet and
vertically arranged in the ship’s sea chest. Cooling of the fresh water passing through these tubes is carried out
mainly by natural convection of the sea water in the sea chest [1; 2; 3]. Circulation and constant renewal of the sea
water is ensured by special openings in the inlet and outlet grilles (Fig. 1).

The removal of heat from the fresh water of the first cooling circuit of the ship power plant in the box-cooler
is a multi-stage process, which can be conventionally divided into the following stages:

—  the process of heat transfer by convection from the
fresh water of the cooling system to the inner walls of the box
cooler pipes;

—  the process of heat transfer by thermal conduction
through the walls of pipes;

—  the process of heat transfer by convection from the
outer walls of the pipes to the sea water located inside the sea
chest;

—  the process of heat exchange between the seawater
inside the sea chest and the seawater washing the box from the
outside.

1. The process of heat exchange between the seawater
inside the sea chest and the seawater washing this box from the
outside is realized by heat transfer through the sea chest wall and
by water exchange due to natural circulation.

The heat flow removed by the seawater due to natural
circulation will be equal to:

Outlet slots

Sea chest

Inlet slots

Figure 1 — Design of the heat exchanger [2]

Qu =G, C, Aty =pF, pc, At 2BAtgH , kW,
where G, — mass flow of seawater through the sea chest due to natural convection, kg/s; c, — specific heat

capacity of seawater, kJ/(kg-K); At,, =t , —t,,, —temperature difference of seawater at the outlet and inlet of the sea
chest, K; u — flow ratio; F,_ — area of the passage section of the entrance grille, m?; p — density of seawater,
kg/m3;
B — coefficient of volumetric thermal expansion of seawater; 1/K; At=t_ -t ,, — difference between the average
temperature of the outer walls of the heat exchanger along the length and the temperature of the sea water at the
entrance to the sea chest, K; g =9.81 m/s? — acceleration of free fall; H — height of the heat exchanger tube
bundle, m.

2. The process of transferring heat from the fresh water of the cooling system to the sea water inside the
sea chest.

The tubes used to create a box cooler can be characterized as having thin cylindrical walls (their outer
diameter to inner diameter ratio does not exceed 1.5). Therefore, to calculate the heat transfer through them, a
universal formula for a flat multilayer wall can be used [4]:
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Q... =k F At -10° = F A, 107
0XJ1 cp 1 SCT 1 4
OTr +Ry, t+ A +Ry, OTX

where k — average heat transfer coefficient for the entire heat exchange surface, W/(m?-K); F — surface area of
the pipes on the side where the heat transfer coefficient is lower (in this case, this is the outer surface), m?;
At,, —average temperature head, K; o, and o, — heat transfer coefficients, respectively, from fresh water to pipe

and R, — thermal resistance of pollution, respectively,

opr opx
from the hot and cold side of the walls, (m*K)/W; A_ — thermal conductivity coefficient of the pipe material,
W/(m-K); 3., — pipe wall thickness, m.

For the heat exchanger under consideration, the limiting factor for the heat transfer coefficient is the heat

transfer by natural convection from the outer surface of the pipes to the sea water, the coefficient of which can be
estimated by the criterion equation

walls and from pipe walls to sea water, W/(m?-K); R

aX:C-(Gr-Pr)”-K-&,
X

3
where Gr :gx_EAt — Grashof number; x =H — characteristic size, m; v — kinematic viscosity of seawater,
A%

m?/s; Pr — Prandtl number for seawater; A — thermal conductivity coefficient of seawater, W/(m-K).
When the condition is met (Gr-Pr) <10° (for laminar motion) the empirical coefficients are equal to [5]:

1 2 -0,25
C=08n=025 K=|1+|1+ — .
)]

Provided (Gr-Pr)>10° (for turbulent motion):

PrYs 04
C =0.0246; n =04; K= — | -
1+0,494-Pr

Heat transfer coefficient from fresh water to the inner walls of the pipes:

m n 7\’fw
ar:C‘RefWPrfw'K'd—,

e

wd . . N . .
where Re,, =——= — Reynolds number for fresh water; d, — equivalent diameter (in this case, the inner diameter
Vfw

of the pipes), m; w — speed of fresh water in pipes, m/s; v, — kinematic viscosity of fresh water, m?/s; Pr,, —
Prandtl number for fresh water; A, — thermal conductivity coefficient of fresh water, W/(m-K).
For turbulent water movement in pipes ( Re,, =10000) empirical coefficients [5]:

0,14
C =0.027: m =0.8; n =0.33; K:[“_MJ ,

“CT
where p,, — dynamic viscosity of fresh water at its average temperature, Pa‘s; p_ — dynamic viscosity of

fresh water at wall temperature, Pa-s.
For the coolant flow scheme implemented in the heat exchanger, the average temperature head is determined
by the formula:

cp cp AL
. At —At, . :
where At} = — A average temperature head determined for counterflow (for this case At =t,,, —t,,, and
In—=
At,

At, =t, —t,,.); €, = F(P,R) —correction for deviation of the coolant flow pattern from counterflow (determined
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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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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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