commons

O N § D E E D

@creative

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEAEA. Aot EHSAME EAGHAOE 2LICH

H2d. #5l= 0| A5== 2cl 5

Jd
0
it
=]
om
m
I
£
I3
It
B

o Fgts, 0 HEEY HOIS0ILIHH=EY 22, 0] AEENH HEE
ZTEH LHEHH MOE 2HLICH

o REATZNE U2 5718 wom 0123 ZAS2 MSEA WL

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection




Z]

LEBA

A Study on Suitable Electric Energy Saving System
for the Cooling System of Vessd

20084 8f
SRR KB
AT AEP T

€ W F



) L B B e iii
LiSt Of fIGUIES oo %
LISt Of tADleS oo e Vil
A DS AT oo Vil
Al 1T A A B e, 1
L1 G0 7 oo 1
1.2 AT U8 o 3
A 2 7 AR e AIZRN(ESS)Y DB s 4
2.1 dubol Muto] Zob WZF AJAEl L, 4
2.2 AHFE ESS A0 ALZB] e, 6
2.2.1 ESSE A&t Ao ¥z Al~'l - 6
2.2.2 g2 W3t wE oA HIE e, 7
2.2.3 X9 FHG ZAIH oUR] HIF e, 9
2.2.4 A= A ZAT AL 11
2.25 BIZY HME A e 12
Al 3 A ESSE Ao} A|ZE AA e 15
L T e 15
3.2 BFESNO] 54 s 18
3.2.1 713 T2 TN e, 18
3.2.2 ESS AOTFA] o 20
3.2.3 QAW EL Tl e 23
3.3 2ZEO] T e, 25
3.3 L TN s 25



3.3.2 BFH T e 26

3.3.3 Al QAL m] e, 28
Al 4 ZAF AT D T e, 33
A A BT O] A oo 33
4.1.1 U Tl e 33
41,2 6= NTU B oo e 39
4.1.3 A EHOTA FAAT I e 42
B B A s 49
4.3 B A B s 56
Al 5 A BB e e, 61
FA3EH e EEBR . .EH.......e. 62



: BE [keal/kg C ]

[kcal/C - h]

CC

A VE DEHE [keal/ T h]

i3

&71e] A=Al

D el Ake] 2174 [m]
A2 ARG

zkel 9174 [m]

D12 W7zbee) Auss)o o] D [keal ]

E SW

EFW

[m]

uze)
L)

o)
)
B

[kg/h]

o
o

7o

[ RPM]

G

e

3]

H]
el

[ kcal ]

[m?/h]

o
A

)
B

[m?*/h]

o
A

B
ol

—_—

A2 AARS

QS w

=F [m*/h]

QF w



QFWI

Tc

Aol &%= [C]

7;, in

7;, out

Aol &= [C]

]—;l, ,in

Ao 2= [C]

7;1, ,out

ATrw-c

ATSW

[keal/h kg C ]

A%

iv



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

List of figures

2.1 Central cooling system of Ship .o 4
2.2 Pump performance CUrVe ........ccccccciieiiiiiiii e, 5
2.3 Central cooling system with ESS ... 6
2.4 Variation of seawater flowrate with seatevatemperature ............ 8
2.5 Pump performance curve(pump RPM 100%-60%).............ccceennn... 10
2.6 Pump performance curve shifting operaimint ............cceeevveeeeee, 11
2.7 Pump parallel operation ...........occcceemieiiiiiiiiiie e 12
2.8 Pump parallel operation with pump RPM tshif.............ccciiiinnnnn. 13
2.9 Pump parallel operation with pump RPM mmnim shift ............. 14
3.1 Cooling system of Ship ..o 15
3.2 Cooling system of ship with ESS oo 16
3.3 ESS with existing cooling system of Ship......c.ccccoceiiiiiiiiiiiiinnnnen. 18
3.4 ESS with cooling system of new ship 19
3.5 ESS control Ui P e 22
3.6 INVErter SYSIEIM oot eiieire b e 23
3.7 Inside of inverter panel ..o 24
3.8 Diagram of control SyStem ......cccooieiiiiiiiii 52
3.9 Main display ... 26
3.10 Program configuration diSplay ........cccccooiiiiiiiiiiii e 27
3.11 Flow chart of lamp algorithm ..., 28
3.12 Flow chart of alarm algorithm  ......ceeeeiiiiiiiiiiis 29
3.13 Flow chart of pump RPM control algorithm................................. 30
3.14 Program block diagram of ESS control atgm(A)  ................ 31
3.15 Program block diagram of ESS control atgm (B) ................. 32
4.1 Temperature distribution (A) ...oooooe e 33



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

4.2 Temperature distribution (B)  ........ommmmeeeooiiiiiiiiieeeee e, 43
4.3 Temperature distribution (C) ..oooiiiccceeei e 43
4.4 Temperature distribution (D) ....oooicmeeeiee e 53
4.5 Temperature of cooler inlet & outlside ...........ooovvvvviviiiiiiiiiiiiiiinnns 42
4.6 €= CUIVE ittt emmee ettt ettt et e et esnaeeniee s 43

4.7 Program of€- CUIVE (A) oot 44
4.8 Program block diagram df - curve (B) .ccccccevivevcieiiiieieecenn 45

4.9 Simulation block diagram of cooler chaesistic ................ccceeoe. 46
4.10 Block diagram of simulation program ..........ccoccoeiiiiiiinnnn. 47
4.11 Simulation display  .......ccoooeii o s 48

4.12 Arrangement of experiment eqUIPMENtS ..eeeeeeeerriiiiiiiiieeeeeeenn 49
4.13 Measurement points of ESS land experiment..........cccccccceernnnnne 50
4.14 Experiment result(increase S.W tempeetur.................oeeeeeeeene... 51
4.15 Experiment result(decrease S.W tempearatur............cccvvvvvvvvnnnnnnnn. 52
4.16 Heat balance CUINVE (A) it e e 54

4.17 Heat balance curve (B) ......cccccimmmi e 55

4.18 Measurement points of ESS sea experiment................ccccceeeee. 56
4.19 Experiment and result at sea (A) ..o, 57
4.20 Experiment and result at sea (B)  .cceeeeeiiiiiiis 58

4.21 Experiment and result at sea (C) .emeeereeeeriiiiiiiiiiiiiieeeeennnnees. 99
4.22 Experiment and result at sea (D) e, 60

Vi



List of tables

Table. 4.1 Specification for plate heat exchandgeegh water cooler) .......

Table. 4.2 Measurement points & signal type of ESS

Table. 4.3 Signal name and type of ESS at sea ......

Vi



A Study on Suitable Electric Energy Saving System
for the Cooling System of Vessd

Yun-Hyung Kim

Department of Mechatronics Engineering

The Graduate School of Korea Maritime University

Abstract

Fuel represents a significant portion of the appg costs of voyages of a
vessel. Currently, dramatic increases in fuel griGge causing such problems
that shipping profits are becoming adversely afféctAs such, ship owners are
looking efficiently reduce fuel consumption for theessels.

Pumps in a cooling system of the vessel are oftperated inefficiently. The
reasons will vary from process to process and emjptin to application.
Inefficiency of pumps is one of the reasons opegaitiosts of a vessel increase.

A seawater pump installation on the cooling systef a vessel is often sized
to cope with a maximum predicted flow, which mayvere happen. This
principle of over-sizing is frequently used in a rina cooling system, which
subsequently leads to wasted energy and damage atts pf the pump
installation. A seawater pump in a marine coolingtesm runs continuously at
the maximum process as duty demands. When a loWwer fs required, the
surplus liquid is bypassed and returned to the Igumgomurce in fresh water
circuit.

This marine cooling system, however, is inefiitidor the purpose of saving

viii



energy to reduce fuel consumption of a vessel. Weroprocess is necessary for
saving energy efficiently on a vessel. This papeggests another such method,
the Energy Saving System (ESS), for saving eledtrienergy efficiently on a
vessel.

Flow control by speed regulation of pumps, is afetoday’s best methods of
varying the output so that the fuel consumptionaofvessel can be reduced. If
flow is controlled, many advantages could be magiestly, fuel costs can be
reduced. Secondly, reliability of the cooling systeof a vessel can be
improved. Thirdly, pipe systems can be simplificide.( elimination of control
valves and by-pass lines). Lastly, maintenancehef seawater pumps is reduced.

Energy Saving System (ESS) is specifically designfor control and
monitoring for marine central cooling systems, amsl comprised of two
inverters, and the ESS control unit, and the monigo system. The two
inverters control the speed of two main sea wateolicg pumps. The ESS
control unit algorithm finds optimized operating is to decrease power
consumption of main sea water cooling pumps. Thenitoring system has
alarm functions that observe ESS, with alertingatélsies when marine cooling
systems do not work properly. The system also hadata-log function that
saves all data (i.e., temperature, pressure, operabndition of ESS).

ESS has been tested in the laboratory under hpessreal-like" conditions
with a vessel and analyzed from every view. Theultesof the testing show
that the control algorithm works correctly and $afeThe results also show that
ESS reduced electric energy consumption of seawatenp. ESS is now fitted
on a vessel to test its function under actual stdpditions. ESS works properly
and safely without malfunctions on a vessel acogydio its control algorithm.
If ESS is applied to other systems which need nogoliit could be useful in

reducing electric energy wastage.
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Fig. 3.3 ESS with conventional cooling system of ship
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Fig. 3.4 Cooling system with ESS for the new vessel
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3.2.2 ESS Ao] &=

Ao)7] = Auke] 54373 124 Ay of s, M F ol Falof s 3 A
o7 Aub AAES TR FEjdd Foitx] oA AAAEE TS 5 Q)
AAS 7FAoF stt}, whEbA] National Instrument®] Field pointE | &3}

o] o]&3le] HAAEAT. CPU module 17§, Relay module 27, Digital

rlr
do
l‘

S

input module 27, Analog input module 17}, Analog input output A&
module 17§17} AF&-5 T}, ZH2he] B2 Alojalse] &=, FW on/off Ao,

2914 AAANE 9 Bow 2otk Ao RES] 54 4w gt 2

s

A

CPU module(NI FP-2000):

1 Real-time LabVIEW embedded controllers for intelligent industrial I/O
1 Operates as stand—-alone embedded real-time controller or PC-based
distributed I/O Ethernet interface
1 Industrial-grade reliability
Automatic self-diagnostics
Redundant power supply inputs
Isolated communication bus to I/O modules

1 RS-232 serial port for local device control

Digital Input module(DI-330):

Input current limitation 1.5mA

Input impedance 5kQ

Operation temperature -40C to 70T
Relative humidity 10 to 90%

N

Relay module(RLY-420) :

1 Eight Single-Pole Single-Throw(SPST) relay channels

_20_



Switching capacity 3A at 35 VDC or 250 VAC
3,000 V input to out put isolation

Double insulated for 250V safe working voltage
-40C to +70TC operation

N

Analog Input module(AI-110) :

1 Eight analog voltage or current input channels

1 Eight voltage input ranges: 0-1V, 0-5V, 0-10V, £60mV, £300mV,
+1V, £5V, and £10V

1 Three current input ranges:0-20, 4-20, and £20mA

1 16biy resolution

1 Three filter settings: 50, 60, and 500Hz

1 250 Vi isolation voltage ration

1 -40TC to +70TC operation

Analog Input/Output module(AIO-600) :

1 Four analog voltage or current input channels with 11 input ranges
without over ranging

12bit resolution

-40C to +70TC operation

Onboard diagnostics including open current loop indicators

Current inputs protected up to £100mA or =10V

L S

2,300 V.ms transient overvoltage protection
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Fig. 3.5 ESS control unit
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3.2.3 219 g #d (Inverter panel)
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Fig. 3.6 Inverter system
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Fig. 3.69] &F-ol= AWHE 2HeAl7I= 4% deolet 294, A2z 4
Hol itk FHZol= o] A9 Z ALgElo] Hlo]F A~ T = (Bypass mode) &
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Fig. 3.7 Inside of inverter panel
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3.3 AZE o] 7A

3.3.1 /18

ESS Alo] ZAlellA 3 8tAl "k ESS Alo] A= s3E Al

= —— ) —

Signal Converter 4 INVERTRER

ESS Control Unit

Fig. 3.8 Diagram of control system
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3.3.2 4 T4

&
o
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Fig. 3.9 Main window view

Fig. 3.10-2 Configuration s} H 0.2 A FZo= AA A =A3 S HATH

_26_
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3.3.3 Alo| gagF

Start

| No.1Inverter bypass

Nol. Inverter N
Bypass ON

lamp OFF
Yes
No
o1, Invert
fault
Y
Ye No. 1 Inverter trip lamp
OFF
] | |
No. 1 Inverter bypass | { No. 1 Toverter trip lamp | | Nod Pump start lamp | | No.1 Pump start lamp NO. 1 Toverter ready NO. 1 Toverter ready
lamp ON 0N ON OFF lamp ON lamp OFF

Fig. 3.11 Flow chart of lamp operation algorithm
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Start
FVYP : 3-way valve position

Max FVP: Maximum 3-way valve position setting value
Y FWT: Fresh water temperature

Set FWT : Setting value of FWT

LRPM: Setting value of lowest pump RPM

»- SWP: Seawater pressure

Y
Read data

Initialize data

VP>Max FVP

ump RPM< LRPN
SWP<LP

\
Increase pump Keep minimum Decrease pump
RPM RPM RPM

Fig. 3.13 Flow chart of pump RPM control algorithm

Fig. 3.14, Fig. 3.15% ¥4l AY3s dyg5S 7202 3 x2S
a0 Qlth, 23S LabVIEWE AF&3ste] & T
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Mo, 1 bypass state
True: Bypass
Fault : Not fault
W True” 7}
ESS Start signal
ES3 ready sional
Inverter tip signal o i
ESS bypass sinal
H
Mo | bypass state
True: Bypass
Fautt : Not fault
W Faull 7
Fault signal state :
True © Faul
it
True : ready
Fault: not read
W Faull ~¥
ESS Start slanal
ESS ready signal
Inwerter trip signal [
ESS bypass signal

Fig. 3.14 Program block diagram of ESS control algorithm (A)
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Sea water pressure <limit

[wiay valve position<setting value]

! ] ! frash water<seting value L L

slow down purnp 4
RPM

) X @g = b= i?

)

10,0001

l—

Fig. 3.15 Program block diagram of ESS control algorithm (B)
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A4 Ad H
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o= LMTD(Log Mean Temperature Difference) WH ¥} e~NTU(Effective
Number of Transfer Unit)Ho] Ath. drbd o= LMTD7} AF&-¥ v Eulghy)
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Fig. 4.1 Temperature distribution (A)
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Fig. 4.2 Temperature distribution (B)
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Fig. 4.3 Temperature distribution (C)
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Fig. 4.4 Temperature distribution (D)
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4.1.3 ANEdH ol 743 243

Sea water 0u:et @ @
A

Fresh water inlet

Sea water inlet @ Fresh water outlet

Fig. 4.5 Temperature of cooler inlet & outlet side
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4

Number of ransfer units, NTU = AU/C

Fig. 4.6 €-NTU curve

Table. 4.1 Specification for plate heat exchanger (Fresh water cooler)

_ ] Hot side Cold side
Description Media EW) S.W)
Flowrate m*/h 300.00 360.00
Inlet temperature ) 48.02 32.00
Outlet temperature T 36.00 42.38
Heat exchanged kcal/h 3,600,000
Thermodynamic properties
Specific gravity 1.000 1.025
Specific heat kcal/kgh-C 1.000 0.940
Design of frame/plates
Direction of fluids Parallel flow
Overall K-value(U) | kcal/h-m*C 5,631
L.M.T.D/TR T 4.77 2.52
Effective heat 5
m 134.00 183
surface(A)
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Fig. 4.8 Program block diagram of €-NTU curve (B)
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float Ch.Ce,Rate Croin, Te_out Thout, b
float FR_h,FW_t F# t_ Ch_r

int ki

CohHIZ)
(BB K-

G e he R b

FR h_|~;a.=,r{ : \
S

=t Ch= CphFA_h=3G1h;
FA.c| Ce=CpesFR_coB6.c

o]
e MEL
{ChyCel
Rate = Ce/Ch; |
Crnin =Cer
|k
————Thin] ‘
2l  elsef
————————TF| el =Ch/Cas e
] Crin =Ch;
I
| }

)
f S
Te_out = {EACmins{Than-Ten))/Ce e Ton:

51
=

>l

Th_out= =(((E=Cmin={ Th_in-Te_in}}/Chi-Th_in);

hitu = (L) Crrin;

i HHTHR i
EEER F Wibetare load) W Tafer oad)
G oai|  Chor=CphoFR.hrests3G.h; :

FW_A=({Ch=Th_out J+{Ch_r+Th_in}}/Ch ; /fbefore load

W ———&m)| [&ﬂ

vl

g FW_A_ = (CheFW_t + load)/Chi//after load

Fig. 4.9 Simulation block diagram of cooler characteristic
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To water tank 1st cooling water

-

C

2nd cooling waler

F

From heater

=

NO.1,2,2 3W PUMP

P ——
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—

(DH—
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INVERTER

Monitoring
Syslem

Control Panel

Fig. 4.13 Measurement points of ESS land experiment

Table 4.2 Measurement points & signal type of ESS

Position Signal explanation Range/Type Usage

B 1st cooling water temperature 4-20mA | measurement
1st cooling water temperature

D . 4-20mA | measurement
(cooler inlet)
1st cooling water temperature

C 4-20mA | measurement
(cooler outlet)
2nd cooling water temperature

F . 4-20mA | measurement
(cooler inlet)
2nd cooling water temperature

E 4-20mA | measurement
(cooler outlet)

J Ist cooling water quantity (Qgy ) 4-20mA | measurement
2nd cooling water temperature

H 4-20mA control
(After 3—-way valve)

A Pump outlet pressure 4-20mA control

G 3-way valve opening ratio 4-20mA control
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Fig. 4.18 Measurement points of ESS sea experiment

Table 4.3 Signal name and type of ESS at sea

Positon Signal explanation Range/Type
1 Low Temperature F.W 4-20 mA
2 Low Temperature S.W 4-20 mA
3 3-Way V/V Position 4-20 mA
4 S.W OVBD Pressure 4-20 mA
5 Pump RPM control signal 4-20 mA
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