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Using of box coolers in central cooling systems of marine power plants

Patlaichuk V. M., Kozyrko O. A.

Admiral Makarov National University of Shipbuilding, Mykolayiv, Ukraine.

Abstract. The paper considers the features of using heat exchangers of the "box-cooler" type in
central dual-circuit cooling systems of ship power plants. The advantages and disadvantages of their
use are analyzed.

Key words: marine power generation; heat exchanger; box cooler; cooling system; thermal
load.

UDC 621.4

ESTIMATION OF THE THERMAL LOAD ON THE SHIP'S COOLING
SYSTEM FROM GAS TURBINE ENGINES AND THEIR SYSTEMS
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Abstract. The thermal load on the central cooling system of the ship from the propulsive gas
turbine engines of a simple thermodynamic cycle and their servicing systems was assessed. The
possibility of using heat exchangers of the “box cooler” type for cooling these engines was analyzed.

Key words: marine power generation; gas turbine unit; heat exchanger; box cooler; cooling

system; thermal load.

In recent years, heat exchangers of the “box cooler” type have gained some popularity in the
power plants of small and medium-sized vessels. However, at the moment their use is concentrated
exclusively in diesel power plants, where they are used mainly in cooling systems of main engines, as
well as for cooling charge air and oil of lubrication systems of main engines and gearboxes. Issues
related to the use of box coolers in cooling systems of marine gas turbine power plants remain unresolved

at the moment.
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Without setting ourselves the goal of making a complete analysis of the energy flows of the
central cooling system of a vessel that uses gas turbine units as a propulsion system, we will assess the
possible thermal load on the box-cooler heat exchangers from the gas turbine engines themselves and
their servicing systems.

The heat load on a central cooling system can potentially come from:

a) oil of lubrication systems of the gas turbine engine and its gearbox;

b) air of gas turbine units with intercooling of working fluid between the compressors.

The lubrication system of a gas turbine engine maintains the normal temperature of its bearings
and gears of mechanisms mounted on it through cooling.

According to [1], due to friction in the specified elements, approximately 0.5-1.0 % of the
mechanical energy of rotation of a gas turbine engine is converted into thermal energy. Accordingly, the
mechanical efficiency of turbomachines 1, is approximately 0.990-0.995 for this case.

To reduce the output shaft speed, marine gas turbine units traditionally include a gearbox in
addition to the engine. The gearbox lubrication system maintains the normal temperature of its gears
and pinions, and also reduces their wear and friction losses.

In marine gas turbine units, as a rule, multi-stage gearboxes are used, which often have both
bypass and planetary stages in their composition. According to [1], the loss of mechanical energy of
rotation in gearboxes due to friction is approximately 2—4 %. Higher values are characteristic of gas

turbine units of lower power. Accordingly, the mechanical efficiency of the gearbox up is

approximately 0.96-0.98.

The heat flow that must be removed to the sea water using a box-cooler heat exchanger from the
engine Qm and gearbox Qg lubrication systems can be estimated to a first approximation through the
indicated mechanical energy losses.

Let us estimate the value of the heat removed from the oil of the lubrication systems for specific

designs of gas turbine engines, which are currently mass-produced for the naval fleet [2, 3]. The results

of the calculations are summarized in table 1.
It is advisable to compare the obtained figures with the heat load Q_,., on a box cooler from

ship main diesel engines of similar power.

As a sample for comparison, we choose low-speed diesel engines, the characteristic features of
which are specific fuel consumption gEE =0.160-0.170 kg/(kwh), use of fuel with a lower heat value

42700 kJ/kg and a total share of the heat balance of 22-25 %, which is taken away by the cooling system
(losses with cooling of the engine casing, charge air and lubrication system oil) [4]. The results of the

comparison are shown in Fig. 1.
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Table 1. Calculation results of heat removed from lubrication systems

Heat from
Output shaft power | Pressu lubrication
Engine N ;;T KW r ;fio Air flow, kg/s systems
Q +Qq kW
Engines of GE Aerospace (USA)
LM500 4570 144 16.4 146-292
LM2500 25060 19.3 69.4 782-1566
LM2500+ 30200 22.2 85.7 960-1924
LM6000PC 46123 28.5 130 1503-3012
Engines of Rolls-Royce Holdings plc (Great Britain)
MT7 3900 10.1 15.6 122244
MT30 36000 24.0 113 1181-2366
Engines of "Zorya"-""Mashproekt™ (Ukraine)
UGT3000 3360 135 16.6 115-230
UGT6000 6700 16.6 31.0 232-464
UGT15000 17600 19.6 73.0 604-1211
UGT25000
28700 23.6 93.0 947-1897
0, +0,:0.,u. kW
/
20000 <
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Fig. 1. Dependence of heat removed by sea water on engine power:
DE — low-speed diesel engine; GT — simple cycle gas turbine unit; 1 — maximum parameter value; 2 —

minimum parameter value
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The results of the comparative analysis indicate that the thermal load on the box cooler when
used to remove heat from simple cycle gas turbine units will be approximately 7.5-12.5 times lower
than when used to cool low-speed diesel engines of similar power.

According to [5; 6], box-cooler heat exchangers, which are currently mass-produced for ship
needs, can be used to cool diesel engines with a capacity of up to 30 MW. The maximum value of this
parameter is explained by the dimensional limitations of the sea chests in which the box coolers are
placed.

Conclusion: The results of the comparative analysis indicate that mass-produced box coolers
with standard sea chests sizes can potentially be used to remove heat from simple cycle gas turbine units
with a capacity of up to 225-375 MW, which more than covers the possible range of use of these units

in marine power engineering.
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Ouinka TenI0BOro HABAHTAKEHHS] HA CHCTEMY OXOJIOIKEHHA CyJAHA BiJ ra3oTypOiHHHMX
ABMI'YHIB i 00CJIyroBy104HX iX cMCTEM

[NaTmaituyk B. M., Kosupko O. A.

HanionansHuii yHiBepcuTeT KopabieOyayBaHHs iM. aaM. MakapoBa, M. Mukonais, YkpaiHa.

AHoTanisi. BukoHaHa OLIHKAa TEIUIOBOIO HABAaHTAXXEHHS Ha ILEHTPalTi30BaHy CHCTEMY
OXOJIOJDKEHHSI CyJHA BiJl TPOIYJIBCHUBHUX Tra30TYpOIHHHUX JBUTYHIB IPOCTOTO TEPMOJWHAMIYHOTO
UKy 1 00cimyroByrounx ix cuctem. IlpoananizoBaHa MOXKIMBICTE BUKOPUCTAHHS AJIST OXOJIOJKECHHS
JaHWUX JBUTYHIB TEIJIOOOMIHHUX anapaTiB THUILY «OOKC-KyJep».

KurouoBi ciioBa: cy/iHOBa eHepreTrka; ra3oTypOiHHHN arperar; TemI000MIHHUK; OOKC-KyJep;
CUCTEMA OXOJIOKEHHSI; TEIUIOBE HABAHTAXKECHHS.
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