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A study on the performance improvement

of a submarine cooling system

Sung-Young Jung

Department of Mechatronics Engineering

The Graduate School of Korea Maritime University

Abstract

Recently, the scale of transport appliances and industrial equipments are
getting larger as global industrial and cultural exchange i1s becoming
larger. Especially, when it comes to submarines, it is used in diverse
purposes such as tourism and discovering underground resources. And
because of the possibility and potential of maritime resources and the
drain of the land resources, the value of submarine is gaining much more
importance than before. Therefore, in order to response to the change of
the worldwide environment and to achieve the competitiveness of our
technology, it is necessary to develop an advance submarine by our own.
But it is very rare to build up a whole submarine by one company,
because the technology of electric propulsion system for the submarines
1s hold by only a few developed countries. Also the development of this
related technology has been lead only by the national institutes, and it is
hard to transfer and acquire this technology because of its distinctiveness.

Current domestic submarines are equipped with the electric propulsion

system, because space, fuel efficiencies and the speed are important

- Vil —



1ssues for a submarine. It 1s very important to consider the cooling
system, because it stabilizes the operation of the inverter and the electric
motor.

These days, domestic submarines cooling system i1s composed with
single of double (dual) cooling system, and mostly use the central fresh
water cooling system technology. Also we used the step control and
3-direction valve control of the sea water pump and the fresh water pump
to keep the temperature of the fresh water same.

The step control of the sea water and fresh water pump is currently
using two steps of control. If the electric motor has a low level of heat or
the temperature of the outside sea water gets low and the efficiency of
the heat exchanger increases, then overcooling happens inevitably, and
the 3-direction valve, which is at the gateway of the fresh water cooling
system, controls its conditions to keep the temperature constantly.

The 3-direction valve controls the fresh water flow, which goes into the
cooling system, and maintains the fresh water temperature. But this
control of the fresh water flow results in an energy loss from the pump.

In this paper, a cooling system of high-power propulsion motor with
Energy Saving System (ESS) is described. Normally, the cooling system
for ship consists of fresh water pump, sea water pump, 3-way valve and
cooler. In the cooling system, F.W(Fresh Water) and S.W(Sea Water) pump
are operated on rated rpm, and 3-way valve is controlled to prevent
over—cooling. Therefore the power consumption of the pump's motor is
changed according to a sea water temperature. In the proposed cooling
system, F.W pump and S.W pump are controlled by inverter, and it can
reduce the power consumption. We provide simulations results for this

novel cooling system.
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START

INITIAL DATA

_..*

READ DATA

FUP >=

- FVP : Fresh water control valve position
(0% : F.W cooler, 100% : By-pass)

- MAX_FVP : Position of fresh water control valve

for maximum closed to bypass-line
- FWT : Fresh water temperature (F.W cooler output)
- SET_FWT : Set fresh water temperature

(F.W cooler output)
= INV.F | Inverter signal frequency
- MIN_SWP : sea water pump Minimum RPM for prevent a back flow
= MIN_INV.F : Minimum frequency for inverter
- SWP : Sea water output pressure for overboard line

NO

MAX_FVP

NO Increased Temp

Decreased load,

FWT>SET_FWT

INCREASE
INV.F

Increased load, Y
Decreased Temp

NV.F=MIN_INV.Fc
WP=MIN_SWP_2

KEEP DECREASE
MIN_INV.F INV.F

f '

OUTPUT INV.F

Fig. 2.13 ESS algorithm
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2.3 538 A-ESS (Advanced Energy Saving System)
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ESS (Energy saving system)

Load

I pump

Mutor

- -t - " - -+
' '
. ]
. ]
L} L]
. L[]
Real | |InPUTOUtPLL VEW
Soa | | PressiTemp i Cooler §
Controller Sea Water ' H Fresh water
pump : H pump
: ' @
. ]
L > S O AN v S . I
S.W. P/P Controller F.W Temp. F.WPR/P
(Inverter) Controller Controller
Main Controller
Fig. 2.14 ESS(Energy Saving System)
A-ESS (Advanced Energy Saving System)
Circulation
purmp
m - " [ | —
[] L] i .
S - |
1 Cooler} '
' ' ] '
o il |
Sea 4] = X Change over valve ! e 1 e
Controller Sea Water H 1 Rl I i
pump H | Circulation | |
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L]
' i

H

s "
| W pamp |

(Inverter)

S.W. P/P Controller

F.W Temp.
Controller
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(Inverter)

Cooling Water
Flow Cont. VIV

Main Controller

Fig. 2.15 A-ESS(Advanced Energy Saving System)
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Minimum sea water press
Frash water temperature

vy

Safety control algorithm Flushing control
Fresh water temperature state
Salely Control
Minimum inverter spead Safety contral
Flushing command FW.T/5.W.F

Emergency control

Calorie contral algorithm ;
algorithm

Inverter control

SW, F.W pump inverter

Fig. 2.16 Safety control system
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temp+ offset

Setting temp

Setting
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Fig. 2.17 Heating value control system
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9 2,182 A-ESS9] dFF Alo] Alx®le] A FS LER ST

- FW= : Fresh water control valve position
[0%:F W cooler, 100%:8y-pass)
- FWT : Fresh water temperature {motor, inverter input)
- SET_FWT : Sel fresh waler lemperature (molor, inverler inpul)
P_5  Fresh water, seawater pump REM
- 3_5 ' Fresh water, seawater pump minimum RPM
State 3

State 1
FWT state?

State 2

Mo
Yes
\  J
Dacrease P_S Increase FVP Decreasze P_S Decrease FVP Increase P_S Dacrease FVP
 J Y Y

'

Output P_S

Fig. 2.18 A-ESS heating value control algorithm
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S.F.T : Set Fresh water Temperature
I.LF.T : Inverter, motor Input

Fresh water Temperature
H.V.C system : Heating Value Control system

No

On/Off control

120~150RPM

40~120RPM

i

| Power off ‘ [ Power on Motor BPM 0% | | Motor RPM 50%| Motor npmooﬂ | Motor APM ‘ [ Motor APM ‘
decrease Increase

! ' ' f ! ! !

Fig. 3.7 S.W & F.W pump control algorithm
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Table. 3.1 Motor and inverter heat loss by speed

& | JE7) | FeTEY | AETIEE | < | AL | s+ EE | U EHEL
(Knot) | (RPM) (kW) (kW) kW) | (kW) (kW) (kW)
2 14.2 12.9 15.9 0.04 | 2.33 2.37 1.94
4 28.4 55.5 63 0.17 | 6.59 6.76 6.37
4.23 30 60.2 74.9 0.21 | 7.15 7.37 6.76
6 42.6 161.8 177.2 0.60 |12.11 12.71 12.5
8 56.7 361.9 392.9 1.67 118.59| 20.26 20.17
10 70.9 684.7 727.3 3.66 26 29.66 32.11
12 85.1 1158 1250.2 7.01 | 34.18 41.7 45.62
14 99.3 1809.4 1843.6 12 143.09 50.1 64.85
16 113.5 2666 2703.4 19.78 |52.66 | 72.44 87.85
18 127.7 3754.8 3813.3 31.2 |62.84| 94.04 114.93
20 141.8 5102.5 5242.9 48.03 | 73.53 | 121.56 148.61
21.15 150 6005.1 6199.7 60.18 | 80 140.19 153.98
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Motor heating value by motor speed
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Fig. 3.11 Motor heating value for motor speed
Inverter heating value by motor speed
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Fig. 3.13 Block diagram of inverter and motor
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Table. 4.2 Single cooling system and duplex cooling system
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7.5kW, 23m?*/h
7.5kW, 23m?*/h
5.5kW, 45m*/h
5.5kW, 45m®*/h
28
30T

0.85kwW, 8m?/h
0.85kW, 8m?/h

37C
47C

No.3
No.1

Ay

51
71 4 (UAs)

1

95
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Table. 4.3 Duplex cooling system parameter
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30 170 170 170 170 150 0
70 170 170 1500 | 1500 | 176.4 | 175.8
120 | 1114.3 ] 1114.3| 1500 | 1500 | 547.5 | 547.5
150 1500 | 1500 | 1500 | 1500 | 1042.5| 1052.3
9 4.3, 4.4, 4.5, 4.6 AZ 79 3 AEE7F ORPMI A 150RPM7FA] &7}
stu] HE Ao 7ol i 4 D AS AY AnEHI f5F HEE ge A

oltt.

Power consumption (kW)

Table. 4.4 Power consumption (S.W) by pump control (kW)

30 0 0 0 0 0 0

70 1100 1100 550 550 54.78 | 53.78
120 1100 1100 1100 1100 | 409.86 | 419.86
150 1100 1100 1100 1100 1100 1100

Table. 4.5 Power consumption (F.W) by pump control (kW)

S.W pump power consumption by pump control

——Pawer cansumtion{Onf0ff)
===Power consumtion{Step}
v Power consumtion{Nen-step)

=
=
T

o
T

(=3

1
50

Motor Speed (RPM)

150

Fig. 4.3 S.W pump power consumption by pump control
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S.W pump flow by pump contro
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Fig. 4.4 S.W pump flow by pump control

F.W pump power consumption by pump control
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Fig. 4.5 F.W pump power consumption by pump control

F.W pump flow by F.W valve control
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Fig. 4.6 F.W pump flow by pump control
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F.W cooler outlet F.W temp. deviation by pump control
12 . .

—Temp deviation[OniOf) |
=== Temp deviation|Step)
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Fig. 4.7 F.W cooler outlet F.W temp. deviation by pump control
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Table. 4.6 Power consumption (S.W) by cooling water flow control valve

Fixed Variable
RPM 5 q % =) NG
30 0 0 0 0
70 54.78 54.1 54.78 54.1
120 409.9 414.7 409.9 407.4
150 1100 1100 1100 1100
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Fixed Variable
RPM 5 q % =) oNF
30 170 170 170 170
70 171.4 174.5 171.4 174.5
120 578.5 586.3 592.5 568.5
150 1042.5 1045.7 1042.5 1048.7

Table. 4.7 Power consumption (F.W) by cooling water flow control valve

Table. 4.8 Inverter, motor temp. deviation by cooling water flow control valve

Fixed Variable
RM ™59 1 o | w9 | o=
30 0.24 0.24 0.22 0.22
70 0.11 0.11 0.09 0.09
120 2.22 2.22 1.84 1.84
150 0.97 0.97 0.83 0.83

Motor and Inverter inlet F.W Temp. deviation by cooling water flow valve

1.5

F.W temperature deviation

0.50

e Temp deviation(Fixed)
===Temp deviation(Variable}

100

Motor Speed (RPIM)

150

Fig. 4.8 Motor and inverter inlet F.W Temp. deviation by cooling water flow valve
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Table. 4.9 Power consumption (S.W) by fresh water flow control valve

Fixed Variable
RPM 5 q % =) oNF
30 0 0 0 0
70 54.78 54.1 54.78 54.1
120 409.9 414.7 409.9 407 .4
150 1100 1100 874.5 894.3

Table. 4.10 Power consumption (F.W) by fresh water flow control valve

Fixed * Variable
RM gar | o= B
30 170 170 17 170
70 176.4 191.7 176.4 178.2
120 547.5 592.8 547.5 534.5
150 1042.5 1022.7 877.5 893.5

Table. 4.11 F.W cooler outlet F.W temp. deviation by fresh water flow control valve

Fixed Variable
KM ™ aa 1 o | &9 | a=
30 4.79 4.79 4.08 4.08
70 1.77 1.77 1.05 1.05
120 0.85 0.85 0.47 0.47
150 0.44 0.44 0.07 0.07
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F.W pump power consumption by F.W valve control
] I

— Power consumption (Fixed)
=== Fowsr consumption (Variable)

=
=

w

Power consumption (kW)

Motor speed (RPM)

Fig. 4.10 F.W pump power consumption by F.W valve control

F.W pump flow by F.W valve control
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Fig. 4.11 F.W pump flow by E.W wvalve control

F.W cooler outlet F.W temp. deviation by F.W valve control
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Fig. 4.12 F.W cooler outlet F.W temp. deviation by F.W valve control
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