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SUMMARY

MVR desalination plants are generally about 30% more efficient than
traditional plants adopting evaporative schemes (single effect evaporation).
Their overall hardware can be downsized and, with the application of a
high-speed vapor compressor, they can be operated at partial loads or in
automatic modes. Moreover, they apply vapor recompression heat pump
technologies, ensuring high energy efficiency regardless of seawater quality
(cleanliness) and do not require any sophisticated pretreatment processes.
Above all, MVR desalination schemes have lower maintenance costs and
show higher recovery rates (fresh water/water-intake), facilitating seawater
concentrate (desalination byproducts) management as compared to desalination
by reverse osmosis (RO). Salt production and recovery of minerals from

desalination brines create added value to the MVR schemes.

This work has been conducted to develop a MVR desalination system with
improved energy-efficiency where its design, construction and operation
details are explored. Especially, the main focus of its development was on the
operation of the system in conjunction with variable loads of new and
renewable power sources. Optimal operation modes of the system were
studied, in which single and double effect operations were analyzed for its

energy efficiency improvement.

The compression ratio of the present MVR system was 1.55 at an inverter
speed of 55Hz, which agreed well with its design value. Operation of the
main heat exchanger remained stable within the limits of its operable range,
although the temperature differences in the main heat exchanger didn't remain

constant due to the pressure variations in the evaporator. Daily freshwater



yvield was between 28tons and bltons. The power consumption per ton of
freshwater produced was about 43kW for a single effect and about 23kW for
a double effect, whose energy efficiency is about two times higher than that

of the single effect.

It was found that low-load operation is made possible by controlling the
loads of the system by regulating the inverter speed in conjunction with the
electric steam boiler. By applying the low-load operation mode developed
through continuous operation of the system, it i1s estimated that the system
will be operable in response to the unstable conditions of new and renewable

power sources.

Salt processing technology is proposed as a measure to manage high
concentration brine, whose practicability was verified by experimental salt
production. Based on the experimental results, a salt production unit was
linked to the MVR seawater desalination system and its performance was
monitored. By hiring the approach developed in this work, effective mineral

control deems possible, including production of salt, magnesium, etc.

This work also explored the possibility of generating power by exploiting
low temperature thermal discharge from the MVR seawater desalination
system as the temperature difference between the feed water and the
processed fresh water amounts to about 50C. Two different types of electric
generators were designed and tested for their mechanical output as well as
electrical output. Of these, one is basically a LTD (Low Temperature
Differential) Stirling engine of gamma-configuration, capable of extracting
power from a temperature differential of as low as 4C. The other is based
on materials with the magnetocaloric effect (such as gadolinium) capable of

running on temperature differentials ranging from 90 down to a few degrees

_Xi_



Celsius. It is driven by the force developed between gadolinium (Gd) blocks
and a neodymium bar magnet as the magnetic property of Gd blocks
continuously changes between ferromagnetic and paramagnetic. Results show
that the latter was capable of developing a torque and mechanical power
output, which are as much as 81 times and 4.5 times greater than the
former, respectively. It deems, however, that more work is necessary to
convert mechanical energy into electric energy more effectively as the Gd
generator was not as efficient as that which was integrated with the LTD

Stirling engine.
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Table 2-1. Top 11 seawater desalination countries

Total % of

Country Capacity Global MSF | MEE | MVR | RO ED
(m*/day) Production
Saudi Arabia 5,253,200 25.9 65.7 0.3 1.2 31 1.9
United States 3,092,500 15.2 1.7 1.8 45 78 114
United Arab | 15, 59 10.7 898 | 04 | 30 | 65 | 02
Emirates

Kuwait 1,538,400 76 95.7 0.7 0.0 34 0.3
Japan 745,300 3.7 47 2.0 0.0 86.4 6.8
Libya 633,300 3.4 67.7 0.9 1.8 19.6 9.8
Qatar 566,900 2.8 94.4 0.6 3.3 0.0 0.0
Spain 529,900 2.6 10.6 0.9 8.7 68.9 10.9
Italy 518,700 2.6 43.2 1.9 15.1 20.4 19.2
Bahrain 309,200 15 52.0 0.0 15 41.7 45
Oman 192,000 0.9 84.1 2.2 0.0 11.7 0.0

Total 15,593,900 76.9
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Table 2-2. Status of desalination plant(drinking water)

T Q| sF | A | AF | B EF | dF | AF | FA
TR 2) 1 21 6 30 1 7 4 70
£ 2k (ton/day) 200 655 290 2,270 28 120 2,200 | 5,763
=AU (H) 1,250 | 3,814 1,690 | 5,794 40 643 5766 | 18,997
Table 2-3. Status of desalination plant(industrial water)

Al &
™ AT ¢ Ad =

AR T (ton/day) A R Bl
LG A3} s WzA, =
. s WA, =
Ao dma Hme 16 1983 e At

AN EE Arn S 25 1990 9 A4k

A1 A s 45 1997 T3 BRI
A A= % 2.64 - FAEA|
A A - 2.4 - F A
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Fig. 3-2 Flow sheet of evaporation concentration process
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Table 3-1. Approximate U values of various types

of evaporator

Ao a2 Zuky} a2 Ulkcal/m* - h - C]
Proju = EDE 1,000~ 2,000
x93 700~ 2,500

A 5= 8H FAGHE 1,000~2,000
FAGHE 1,000~ 3,000
R LIRSy TGN 1,000~ 3,000

ler.™ 2,000

A =2
RTAS gl o) 100c.r. 1,500
10,000c.r. 600

(*c.r.: circulation ratio)
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Table 4-1. Specifications of single stage centrifugal compressor

1.6

0z6

Inverter

STl

69

08¢

178.5

60

380

1500

55

41

125A,10K H2AHS

1213

1662

150A,10K H2A8

178.5

819

|, 50.5

50.5

Fig. 4-2 Manufacturing drawings of single stage centrifugal compressor
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Table 4-2. Specifications of flash evaporator

.TrL

Aoy

Sh

Flash Evaporator

Single Effect

2 Pass Switching Operation

A

L

Mo

Shell SUS316L

Head/Bottom SUS316L

A4

Demister SUS316L

Stiffener SUS304L(<2] 4)

T2 $1,940 = 3,080H(2,430Hspen)
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Fig. 4-3 Manufacturing drawings of flash evaporator
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3) F g7

MVR EE245H 538 12 7|9 S - 5533 U 59 du

A str) o] AL9FS Table 4-33 2t}

Table 4-3. Specifications of main heat exchanger

N

T AbF
Plate Heat Exchanger
& 2] Wide Gap Heating Plate
2 Section
Plate Titanium
A4 Packing EPDM
Frame SS5400
Cold Side Feed
T 49,531 kg/hr
A AT == 1022 C
Section | 4 wew 110.0 €
&5 e 386,344 kcal/hr
T 49531 kg/hr
B AT == 1022 C
Section | g e 1100 C
e 386,344 kcal/hr
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g9 FFRZERE FFE A% F GuB/AA ADE 3717}

SE5ote] dudkg o dr)e] AFYS Table 4-59 2h.

Table 4-5. Specifications of pre-heat exchanger

T A}
Plate Heat Exchanger
A Standard Heating Plate
1 Section
Plate Titanium
A4 Packing EPDM
Frame S5S400
Cold Side Seawater
T 1,422 kg/hr
Cold AT == 150 T
Side | sqen 86.8 C
&2 A 102,075 kcal/hr
i 1,361 kg/hr
B AT == 100 C
section | 2o ex 250 C
A 102,075 kcal/hr
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6) 243} T=4A

7= AAR3} =429 ALFS Table 4-63 #t} =3 Fig. 4-4%= A A3}
A2 Az =dlS e

o

Table 4-6. Specifications of crystallizer

4l
A

Abo

Calandria Evaporator

01
1>

Single Effect

ke

L

Mo

Shell SUS316L

Head/Bottom SUS316L
A A

Tube Titanium

Support/Leg SS400

T2 ®960 * 2,730H(2,150Hshe)
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Fig. 4-4 Manufacturing drawings of crystallizer
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Fig. 4-5 Boring construction of magma seawater

_35_



4.2 MVR A|AEIO| XN Of&fFR|

7] Aol 54

H

(Constant speed control), A& #| ] (Automatic start and stop control)

AeH, MVR Al 2=l A

At [311.

™

—_
file)

el

4r

i

¢

&l A 43t inverter 3

b1 9

S

Ao}

qr

v
jod

wt
°]

1
.

4% o, Fig. 4-6014 =

] MVR A2

= =
r:"O

Aol el

&

st A 5 4]

B

4r

ol
i

1

3 gt aw,

e

variable speed motor(Induction motor)”7}

5|
pul

2 (Magnetic coupling)e] &%t} o]

3z
=

271 A

3l™, throttling inlet type X.th

bedol 7bs

il

Fig. 4-73% #Zu. 7A44¢

o]
guide vane, throttling control “12] 3l by-passing control

o] Att.

==
[}

_36_



130 1
120 1__los% RPu
—]
b4 (R{¢] “Lf_o\o_ \ A '\‘
= 100 352 \‘
@ g0 STABILITY A 35N N N R NG
= — LIMIT J
R B S N AN NN
£ 5 * N [ MNioow we
o AN T N NN N
Y A NN
g ol '70“-\\\ N \(‘0:?::_"_ 100% HP
S CONSTANT
S N 50% HP
30 1 IS I il SPEED
130 . . .
105% RPM '0"9
120 1o %= 0% 4
1o -
S 100 T Nsa e 80%
2 9 ] % §5/3f7o-/. | & ]
a 2 / e <
§ 80 M Taeiity // 3 “«,?%
70 F—— LIMIT <
<
= e ,—,V//,///A/’ 50% o
£ 5 e e T 1
g =
. 0%
30}—H4 e
20 1

|
30 40 50 60 70 80 0 100 110 120 130
PERCENT INLET VOLUME

Fig. 4-6 Performance curve of speed control system

120 ‘
/.
w 110
@ I\ N 100% RPM
“ 100 £
E 90 // \ \\ \
STABILITY
g 80 umrﬁ \ \ \ A \
e AN NI
A ERA AR \
W oe0 y
& 50 ,’\\ \\ \ \ \\ y
/ laow| so% 0% {70% | 80o% 0% i00%
40 7 HORSEPOWE
1o
=
100% RPM
« 90 IA///
] =
Z e =<
] = 100%
2 7 90%
S 0 Z ——80% te
o SOsmeTy [ ZZZT (0% tee &
= o LIMIT WA 60%] (e
8 < 50% %
o
& 40—
30 L
20

20 30 40 S50 60 70 80 90 100 110 120
PERCENT INLET VOLUME
(BEFORE BUTTERFLY VALVE)

Fig. 4-7 Performance curve of fixed speed control system

_37_



7F Inlet guide vane

ftlo
1
ﬁ’,
ol
ol
2
ol

Fig. 4-8° YElH nle} o] F7Ik=712 979 guide vane
%7 v dASA FASHA TS -] Aot WHoRA 5
7] head”} 9,200kg¢m/mino]ste] A2 St=7]o] AFE-H T guide vane St

719 3 A gt Hde FoMd 7)o 3ol wheeld] WEow 35}

%7 mgol wow, AW Wi FE Feedo] golaitk: Aol i
wk, 22to] Bgsta shAe] mrkel wael itk

AP

Fig. 4-8 Inlet guide vane

_38_



1}) Throttling control

ol &

3

A

=
=

Fig. 4-99 Yeldl wle} o] k=719 1ol butterfly valve

4

i
o

7
Ko
iyl

m}

A (surging) Aol dojvr] 1

AP

v
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t}) By-passing control
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Table 6-2. Mineral composition of famous salts

vt s | g [2EEE] ZH -7k -+ ol
=7} ERe) (Mg) (K) | (Ca) (Sr) (Fe) | (Mn) | (Cuw) | (Zn)
(+H4]: mg/kg)
Fuapx] 2
2010 1,576 613 | 1,406 | 32.73 |80.57| 9.30 1.39 0.85
APH o QF
SES 190 139 | 1,518 | 94.76 |25.19| 557 1.38 0.63
Al H o] o}
. 485 334 928 3260 1964 | 4.40 1.35 0.56
olgrelo} ILEH
7};‘3;@ 519 288 655 1696 |23.05] 3.13 1.30 0.68
QE=EE
o} o 17 44 152 2.59 1726 | 3.29 1.22 0.51
3] O =
;j;ij 454 252 | 2,311 | 183.75 | 18.03 | 3.80 1.20 0.63
N Aﬂiﬂ@uz
<2 H Yo} -9 1,507 579 | 1,967 | 81.86 |3549| 4.06 1.38 0.68
=
7}3;1 539 549 | 1,072 | 1728 |1998 | 294 1.30 0.57
ﬂ—mE
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Z5(K) 4,949 2,499 1,085 3,800 2,764 3,082
(o) 4 Mex|
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Table 6-4. Major mineral composition at different stages of experimental process

A 12234k 2 A 2F Mgz A F AT
S5
(9 mg/kg)
Na 319,793 370,957 377,785 147,682 322,324
Mg 22,399 8,473 6367 231,439 2,978
K 6,877 3,827 2,764 10,149 15,046
Ca 1,995 99 722 376 917
m Na
400000 - e Mg
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b | ]
300000 -
T 250000
% ] ®
_E' 200000 |
“é o
£ 150000 - -
8 |
é 100000 ;
50000
04 . L ] [ | + ?

T ' T W T ¥ T T T
Magma Seawater  Primary Progduction  Secondary Preduction Mg Precipiration  Remained of The Sait

Step of the Salt Production

Fig. 6-2 Major mineral composition at different stages of experimental process
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Fig. 6-6 Salt production plant
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]‘46 = (R:Z;) (75)
M = (£ V) (7.6)
c (RT:) .

(7,v,)
M, = ———~ (7.7)
d (RT(V])

My= M +M+M, = (7.8)

K T B 2V,T,)
- (TE)(1+COS¢)+“[1+COS(¢ a)]+m (7.9)
Ao BEE FAM HE FA9 SX(7,)e Ad™or W3t 714
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1 TC’
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pol e 45 F=g 5 v
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Fig. 7-6 Experimental output measurement using the generator coil:
(a) Stirling engine (b) Generator coil (c¢) Stirling engine with generator coil
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Fig. 7-8 Experimental layout of TENG operation by a L'TD heat engine
placed on an electric plate heater
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Fig. 7-10 Position of hot and cold water streams in Gadolinium generator

Fig. 7-11 Experimental apparatus for measuring mechanical

power of Gadolinium generator
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1) Mechanical Power

AR Bl ARbHQl AAY 1 =1 x Foll 938t & &

o PN
g5 4 5 9l

types o2 o] 59 AFYLS Table 7-13 2t}

Table 7-1. Specifications of various types of Stirling engine

Single(2) Single Twin Rectangular
Displacer diameter 14 cm 7 cm 7 cm X2 14 cm
Piston Material Graphite Graphite Graphite Graphite
Power cylinder Borosilicate Borosilicate Borosilicate Borosilicate
Material glass glass glass glass
Flywheel 12 cm 8.25 cm 825 cm 12 cm
Overall height 20.3 cm 13 cm 14 cm 20.3 cm
Base plate 16.5 cm 9.2 cm 18 cm 16.5 cm
Weight 500 g 172 g 350g 550 g
Temperature 20 10°C 10°C 20°C

differential required

- 106 -



=&=2k AT=10°Cet A7 200mg AHE Al, 72 249" <X EAE Table

7-2°] e A

Table 7-2. Torque measurement of LTD engines(using a weight of 200mg)

A #F(mg) 25 2b THEE(m/sY) | WA E(mm)
MM-7
200 10°C 9.8 10.25
EA = 1.702009(N-mm)
2 ZF(mg) 2=t TS5 E(m/s?) | 9HAE(mm)
Single
200 10°C 9.8 9.25
EA = 0.01813(N-mm)
A #F(mg) e wzat FE7ES(m/s?) | A E (mm)
Twin
200 10°C 9.8 12

E=A = 0.02352(N-mm)

X

Table 7-2014 & 4 d5o] U3 223 AT=10°C2} 200mge] #HF2

L3 A7 MM-79%29¢ E=7F 1.702009N-mm=z 7}g =¢kon t&o=

H

A

ZF TwindlZ 0.02352N-mm, Singledl?! 0.01813N'mm¢] £o & EA7} SH4 5
ot
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Fig. 7-14 Output of Stirling engine against temperature difference
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th) =Xzt mE A2 ~"E QlXle EA B E
Fo] AYS 1g 2 3g FOoE WA ZHsgon Lw
AT=10°C, AT=20°C, AT=30°C so= &#7IH A=z €y dzx 3 &
2, 29, wud g 29 52 AEsq

(1) A==} 15 <zl MM-7
ALz 298] AIIMM-7)9 AA Az 9 SAo]E = Table 7-3°
Yehlon, &£xa 9 B30 e £9& Fig. 7-159 YeERAATH
SE2b AT=10°CY A, 2"8Y dx2 A 2g9 3g A& 5 AdsHA
Eatd sk, 1ge] FE 5o =¥ We EA, = 0.10045N-mmel A
AT=20°C, AT=30°C, AT=40°Ce] 4+ A= Al =95 BASU 2 o4
B3 e XAt w #3dd o 8 e noFh
Table 7-3. Performance measurement of Stirling engine(MM-7)
MM-7
AT 10C 20C 30T 40C
F AF @l 1 213 2 3 2 3 1 2 3
B4
0.10045| 0 | 0 |0.10045| 0.2009 |0.30135|0.10045 | 0.2009 |0.30135|0.10045| 0.2009 |0.30135
(N-mm)
H(mW)| 0363 | 0 | 0 | 1176 | 1.795 | 1.893 | 1.274 | 2.305 | 2988 | 1.078 | 2579 | 4.455
G H AT
=4 % | 00| & 129 | 1 2 1 21
(W /mm?) 5 36 9 66 5 78 18 | 321
(x10°%)
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Fig. 7-15 Output of Stirling engine against temperature difference
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Table 7-4. Performance measurement of Stirling engine(Twin)

Twin

10T 20T 30T 40T

2 3 1 2 3 1 2 3

= 0 0 0 0.118 0 0 0.118 | 0.235 0 0.118 | 0.235 0

ZHmW)| o 0 0 |0431| 0 0 | 1204 | 0501 | 0 | 2072 | 0992 | 0

Ze
; 0 0 0 49.5 0 0 138 57 0 238 114 0
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Fig. 7-16 Output of Stirling engine against temperature difference
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Table 7-5. Performance measurement of Stirling engine(Single)

Single

AT 10C 20T 30T 40°C
F A )| 1 213 1 2 3 1 2 3 1 2 3
==

(Nemm) 0 0| o0 0 0 0 0 0 0 (009065 © 0
ZHA(mW)| o 0] 0 0 0 0 0 0 0 (0513794 0 0
oI A

=9

(W /mm?) 0 0| o0 0 0 0 0 0 0 118 0 0
(x10°°)
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Fig. 7-17 Output of Stirling engine against difference and torque(Single)
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2) Electrical Power

(7}F) AC Generator
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Fig. 7-18 Electric power of the LTD heat engine
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(1}) Generator Coil (Stator Coil)

Generator coilS &3 23 9 Fig. 7-19(a)old Hie=nkel o] ACS
DC& W3S A5 F Hdgte] 47VE A4 dels 31e &

Fig. 7190 A A0} dalwe] 227 448 edrte A dag

i

Atk 2kQ el &% LEDE d4stel 54 A A2 oF 18V, 7= °F 0.9mA

2 AU ol & AEotH FHS 16mWE HE &2 oF 53%°|th

g A 8
< | SRS e R o
R R —
' Time(sec)
(a)
% ::: —Tep Plate tempesature
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(b)

Fig. 7-19 Electric power using generator coil:
(a) Electric voltage (b) Top and bottom plate temperatures
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(th) TENG
(1) &eteld @49 A7l =4 7= 54
AF JIEE AMESte] 712 HY] EE8S FAdA oW Fig. 720 1 EARE

& UERd Zlelth Fig. 7-20(b)¢k 2ol Al = $1= FEP ¥5<& ¥ = v

Pugons BsE AYIR AYVL AFS HEFFEOH, Fig. 7-20(0)

o /] &olst 4= l5o] FEP FEo] dlife] Al d=oA thE £ Al Ao 2
n11e] A H k] Aol HAEE AS & 5 Ay T3k w2 FEP ZE9)
oz wneAH S AYS AT =42 & 5 vk wEbA FEP Z &9

nnnE A= 42 AC A AsE BAEA H=d o=

A AF7IE AHgske] A DC Aze weg &
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Fig. 7-20 Performance of simplified TENG operating in sliding mode:
(a) Simple experimental kit composed of two Al electrodes and a FEP film

(b) Forward and backward sliding for electricity generation
(¢) Vo produced (d) V. rectified
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(2) TENG €gteld W4

—

Fig. 7-21& &etold W2olA 25 uje] A TENG/LTD €zl d¢
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Fig. 7-23 Output voltage and current of TENG-2 operating in vertical
contact-separation mode:
(a) A schematic diagram of experimental system (b) Vg (c) L
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Fig. 7-26 Charging a capacitor by TENG-1 and TENG-2:
(a) Actual electric circuit (b) Circuit diagram (c) TENG-1 (d) TENG-2
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1) Mechanical Power

7FEEls Z5H assemblyE ©] 838t MAGX o] Eds A2Ea ~2"9F
FrAFsEAl gttt Table 7-6+= F¢

4% As Ag st

A% 5g, 10g, 20g, 50g¥ =9 W SmmolA JhEElE HA%
i Sl

generator)ol|] del&= AFH EIE o YU

Z] © }\O

Table 7-6. Torque measurement of gadolinium generator

Gadolinium
A3 (g) S E7H45 2 (m/s%) HE4] & (mm) E 3 (N-mm)
5 0.245
10 0.49
9.8 5
20 0.98
50 2.45

7tedlw AR Ede A9 b,
h=d]

0.49N'‘mm, 098N-mm, %

i

27

Lo

o] wolx wxol AgH F

10g, 20g, &3l 50gellA 27 0.245N-mm,

&

245N-mm= =4 % glth

A4 5g, 10g, 20g, 50g2 F7HA71W AL A5k
olwf e A

=5 20°C T Table 7-72 AT=20°Cel

Aol =4 dolHE veEha o
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Table 7-7. Performance measurement of gadolinium generator(AT=20°C)

(Gadolinium
AT = 20°C
F4 %) 5 10 20 20
E J(N-mm) 0.245 0.49 0.98 2.45
%9 (mW) 2.94 5.39 0 0
B} 7] 4
38 1146 105.1 0 0
(rpm)

AT=20°Coll A= A 20g 2 50ge] FE S0 2g# &3} o Z 2k 5gof
A 3 HEEE 9 1146rpm, =2S oF 294AmW= A F AT A E 10gol A
AAEEE ok 105.1rpm, °F 539mW= =A%) Fig. 7-28<&
AT=20°Col Aol 54 g ZE HoFa o

- Output 10
120 5 — RPM
[ ]
100 b 8
80 4 -
=
= *'f!‘\ =
0o 604 If \ a
y (8]
40 o J
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Fig. 7-28 RPM and mechanical power vs. torque( A T=20°C)
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(L) AT=30°Coll A kol ©}2 %2 2 rpm
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£ 50°C, A9 ZEfA X 20°CATh Table 7-8% AT=30°CollA ¢ =4
dlolH & veta et

Table 7-8. Performance measurement of gadolinium generator(AT=30°C)

Gadolinium
AT = 30°C
T4 =(g) 5 10 20 50
EA(N-mm) 0.245 0.49 0.98 2.45
=% (mW) 3.136 5.586 9.8 0
%rgpﬂnﬁ—? 107 108.9 95.5 0

AT=30°CellA = & 50ge] & 5o &gA Xl A 5gol A 3 dH

T oF 107.0rpm, 8 ¢ 3 ImW=E ZAHFgom, ZA&F 10gdA] &=
°F 1089rpm, =% oF 55mW=RE AFEH At A #E20go Ao I AEEE= oF
955rpm, =82 °F 9.8mWE =A%t} Fig. 7-29+= AT=30°ColAe 2= ZA
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Fig. 7-29. RPM and mechanical power vs. torque( A T=30°C)
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Table 7-9. Performance measurement of gadolinium generator(AT=40°C)

Gadolinium

AT = 40°C
FHAEH(g) 5 10 20 50

E3I(N-mm) 0.245 0.49 0.98 2.45
=% (mW) 3.185 6.664 12.25 20.09
Bok3 A
w38 A 124.2038 129.9363 119.4268 108.9172
(rpm)

AT=40°Coll M= Age AHES 5 E5F 5o S A% bgollA 3d&

T

E=E oF 1242rpm, 82 ¢F 3ImWE YEsow, A7F 10gelH s dEEe o
1299rpm, &%&  °F 66mW=E  FAHAT. A0l KR oF
194rpm, &2 ¢ 122mW=E SA50on A7 50gellr] 3dHies of
1089rpm, &% °F 20.0mW= websith Fig. 7-3091 AT=40°CellA e 25 2
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Table 7-10. Performance measurement of gadolinium generator( A T=45°C)

Gadolinium
AT = 45°C
T g) 5 10 20 50
EA(N-mm) 0.245 0.49 0.98 2.45
=% (mW) 4.067 6.86 12.93 29.4
%?;fS# 158.6 133.8 126.1 114.6

AT=45°Coll A= AT=40°Cell A o] -9} o] Aol A3 5 BF 50]
=Hth A7 5gellA 3dEEE oF 1685rpm, =92 oF 4A0mWE YHESYS
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2) Electrical Power
7} AC generator

AC generatorg ©|83%t 7l=glw Ao A74 24€& A3 €4y
N7 A oF vlaslr] 918l Y s AC generatorgs o] -&3ste] AES 3l
At AC generator= 371E HE=Z AZs9] o, 2} generator AFo]e] 79t}
AFE AN E RUHE etk 71A4 =9 A Al 123 A &
A kel THE w2 REAUY AT=45°Col A Algtel] @& A4 &89S 54
sttt Fig 7-32% Alztel W 7hEelw S At 2 E9 HolHE A
ol WrE P EZE RoFa glow Table 7-11 ©lE UloHE At H
ol a1 It

AC generators &8st 2895 A A7 Mydete 9 1
Atk &H, 100kQ A e AAste] AFES PSS W AgS A4
044V, 041V, 036V, 18]a1 AF+= ZH2F 2F 0.0044mA, 0.0041mA, 0.0035mA =
SAEHAJY o] A =5 22 0.0019mW, 0.0017mW, 0.0013mW= =4 = 3
om, F YL 00049mW= FEHAT kA FAT JAA =¥ ghel

294mWeol 2= ¥3 §&2 0.016%= AALE AT
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Fig. 7-32 Voltage and output variation over time(AT=45°C, AC generator)

Table 7-11. Electrical power variation over time(AT=45°C, AC generator)

Gadolinium

HHV, =158V, A3 = 100kQ

V) A (mA) == (mW)
Across generator 1 0.44 0.0044 0.0019
Across generator 2 0.41 0.0041 0.0017
Across generator 3 0.36 0.0035 0.0013
el
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2) Generator Coil (Stator coil)
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Fig. 7-33 Voltage and output variation over time(AT=45°C, Generator coil)

Table 7-12. Electrical power variation over time(AT=45°C, Generator Coil)

Gadolinium
HV,e =1.848V, A = 100k
H]HV) A5 (mA) =9 (mW)
Across generator 1 0.512 0.0051 0.0026
Across generator 2 0.54 0.0054 0.0029
Across generator 3 0.546 0.00546 0.003
Across generator 1 1598 0.0035

thru generator 3
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No. 3 = o 4 A N 2
1 52737
1 Pump
P-101 Seawater Feed Pump Stop
P-111 CFW Pump Stop
P-121 LCSW Pump Stop
P-201A | J-201 A-Pass <%+ Pump Stop
P-201B J-201 B-Pass <=3+ Pump Stop
P-231 Hot Freshwater Pump Stop
VP-231 Vacuum Pump Stop
P-301 J-301 <% Pump Stop
2 71 ek
K-211 MVR Stop
J-301 Salt  Crystallizer Agitator Stop
T-311 HCSW Tank  Agitator Stop
X-901 Steam  Boiler Stop
X-911 Air  Compressor Stop
2 Proportional Auto Valve
1 Steam Line
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Y

No. g & Tag No. A Al 0 &
v &
HV-J201A Make-up HP Steam &38 Control | 100%
Valve Close
VK211 MVR Recycle  Vapor Ao} Control | 100 %
Valve Close
100%
HV-J301 LP Vapor #Ao]-§&  Control Valve
Close
2 7] €}
100%
PV-VP231 Inert Gas Alo}€&  Control Valve
Close
100%
TV-FW222 | W25 Ao} Control Valve ’
Close
Auto On/Off Valve
1 CIP Line
HV-CIP01 CIP Return #lo]& Close
HV-CIP02 T-101 turn Seawater &3 Ao Close
HV-CIP03 CIP Return #lo]& Close
HV-CIP04 CIP Return Ao} Close
2 J-201 Seawater Line
LV-J201A J-201 A-Pass Seawater &3 Aol & Close
LV-J201B J-201 B-Pass Seawater &3 Ao} & Close
HV-J201DA | J-201 A-Pass Seawater W3 #]o]-& Close
HV-J201DB | J-201 B-Pass Seawater H]Z o] & Close
HV-J20IRA | J-201 A-Pass Seawater <34 o]& Close
HV-J201RB | J-201 B-Pass Seawater <=3h#]o]-& Close
HV-J201SA | J-201 B—A Seawater &= A °]-& Close
HV-J201SB | J-201 A—>B  Seawater &% #Alo]-& Close
J-201  Effect WM Seawater &+ Al
XV-J201 olg Close
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e

No. g = Tag No. A A u £
v &
) V-1201 J-201 Light  Concentrated Seawater W& a
DV-] Aol & ose
3 J-301 Seawater
Line
J-301 Light Concentrated Seawater &%
HV-J301A Aol 5 Close
HV-J301B T-121 LCSW Tank Light Concentrated al
- ) ose
Seawater =3+Ao] &
J-201 Heavy Concentrated Seawater W&
DV-]J301 Aol & Close
A Vapor(Steam)
Line
-201 A-P Disch V. ul] & A
HV-SV201A1 L ass Discharge Vapor W3 Ao Open
O
HV-SV201BL :I%—ZOI B-Pass Discharge Vapor Hj|Z Ao Open
-201 A-P Disch: V. ull Z Al o]
nv-svaoaz | 1 s e Taer AEAT Close
O
-201 B-P. Disch V. il & Al
av-svaomz | 1 ass Discharge Vapor WA | ¢ o
O
HV-H221A1 | H-221A FC Heater Vapor 3% A& Open
HV-H221B1 H-221B FC Heater Vapor &3 A& Open
HV-H221A2 | H-221A FC Heater Vapor &3 Ao} & Close
HV-H221B2 | H-221B FC Heater Vapor &3 #lo]-& Close
HV-J201B H] A Make-up Steam &5 A o] & Close
HV—_E222 jzﬁ}—‘% AWF J-201 Discharge Vapor BjZA] Close
5 MVR
HV-K211 MVR Suction  Vapor &3 Aol & Close
LV-T211A T-211 Drain Port 3% wjEA o] & Open
LV-T211B T-211 Drain Port &% w&A o] & Open
LV-T211C T-211 Drain Port §% & Ao & Open
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No. g =3 Tag No. A A u £
v &
3|6 Freshwater Line

HV-FW111 | P-111 Cold Freshwater %4 ul &4 o] & Close
LV-T231 1:231 Hot Freshwater Tank 334 &3 A9 Close

O
B — T-231 Hot  Freshwater Tank $-3< w&Ao] Close

&

7 Vacuum Line

PV-J201A J-201 A-Pass Inert Gas HjZ#| o] & Close
PV-]J201B J-201 B-Pass Inert Gas H]Z#]o]-& Close
HV-VP222 1%:222 Vapor  Condensor Inert Gas HlZ#]o] Close
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(2) Effect A€

No. 3 5 2 A0 % HiE
1 Single Effect
1 Effect Selection

1| Effect Switch

Effect A1)

Single Effect A1

2 Seawater Line
J-201  Effect W&} Seawater &5 Ao
1| xXv-J201 Auto On/Off Valve L
4 “Open
3 Vapor(Steam) Line
201 A-Pass Discharge Vapor #%4
1| HV-SV201A1 | Auto On/Off Valve ! B R ass Discharge Vapor 2
o4 “Open
201 B-Pass Discharge Vapor "4
2 | HV-SV201B1 | Auto On/Off Valve |0 0L BrPass Discharge Vapor v
o4 “Open
201 A-Pass Discharge Vapor "%4
3| HV-5V201A2 | Auto On/off Vatve | I 201 A Pass Discharge Vapor wj&
o]-& “Close
201 B-Pass Discharge Vapor %4
4| TIV-SV201B2 | Auto On/Oft Valve | 1 201 BrPass Discharge Vapor W%
o]-& “Close
H-221A FC  Heater Vapor &3#o]&
5| HV-H221A1 | Auto On/Off Valve | , . cater vapor em
Open
H-221B FC  Heater Vapor &#o]%&
6| HV-H221B1 | Auto On/Off Valve | , . eater Vapor FFA1°18
Open
H-221A FC Heater Vapor &% Ao]&
7| HV-H221A2 | Auto On/Off Valve |
Close
H-221B FC  Heater Vapor &#0]&
8| HV-H221B2 | Auto On/Off Valve | _ . cater vapor oA
Close
4 Vacuum Line
201 A-Pass Inert Gas W&ol &
1| PV-I0IA | Auto On/Off Valve |3 o s e e e
Open
J-201 B-Pass Inert Gas wl&Ao]§
2| PV-J201B Auto On/Off Valve “Onen”
pen
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&

4

H]

K

Double Effect

Effect Selection

Effect Switch

Effect A1)

Double Effect 1€l

Seawater Line

XV-J201

Auto On/Off Valve

J-201  Effect W 3HK; Seawater &3
Aol & “Close”

3 Vapor(Steam) Line( A—B Pass 7] )

J-201  A-Pass Discharge Vapor Hl
HV-SV201A1 | Auto On/Off Valve ‘ . R

ZA°o1€ “Open

J-201  B-Pass Discharge Vapor Hj
HV-SV201B1 | Auto On/Off Valve g oo

Z Aol & “Close

J-201  A-Pass Discharge Vapor Hj
HV-SV201A2 | Auto On/Off Valve g Lo

Z Aol 4 “Close

J-201 B-Pass Discharge Vapor Hl
HV-SV201B2 | Auto On/Off Valve . B R

ZA1o]-8 “Open

H-221A FC  Heater V. T w A
HV-H221A1 | Auto On/Off Valve e eater Vapor 334!

4 “Close

H-221B FC  Heater Vapor 33 #°]
HV-H221B1 | Auto On/Off Valve B Y

4 “Open

H-221A FC Heater Vapor &3 A
HV-H221A2 | Auto On/Off Valve o « )

& “Open

H-221B FC  Heater V T Ao
HV-H221B2 | Auto On/Off Valve o cater vaper o

£ “Close

4 Vacuum Line

-201 A-P Inert Gas HJZ A
PV-J201A | Auto On/Off Valve | 0201 APass Inert Gas wizsel

4 “Open

-201 B-P Inert Gas W& A&
PV-J201B | Auto On/Off Valve {Cl | DrPass Inert Gas MjAlel 8

ose
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No. 3} = z A 0 % H] a
1 + A Em]
1 4537
. Air Compressor Control Panel ¢
X-911 1. Air Compressor .
5 g
2. 4537 FFEY et=¥7] Valve “Open”
T-911 HP Air Service Tank SF37] dEEgQl 4baro] A
2 <4=( T-111 Cold Freshwater Tank )
T-111 Cold Freshwater Tank 4=9]2t
LIA-T111 T-111 Level .
Levelo] 10%°]&tl A, FAHATE
20% 74 B
P-111 CFW Pump P-111 CFW Pump “Start”
Sealing
. P-111, P-121, P-201A, P-201B, | Water
Sealing Water
VP-231, P-301 Valved
EEER
3 Vacuum Line
PV-VP231 | Proportional Auto Valve | Vacuum Control Valve 60% “Open”
J-201 A-Pass Inert Gas Discharge
PV-J201A | Auto On/Off Valve ) )
Open
J-201 B-Pass Inert Gas Discharge
PV-J201B Auto On/Off Valve B R
Open
VP-231 Vacuum Pump  Speed
SIC-VP231 | Vacuum Pump Inverter . « R
Setting — “30Hz
VP-231 Vacuum Pump VP-231 Vacuum Pump “Start”
4 J-201 slEs
. « » A < B
XV-]201 Auto On/Off Valve 1. Single Effect& I “Open P
ass
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No. K4 = =2 AW % W @
B R A<B Pass
41 1] XV-]J201 Auto On/Off Valve 2. Double Effect <7 “Close .
A
ElEE= Auto  On/Off Val
2| mv-ciPoz | Auto On/Oft Valve | o8 Auto awve
Open
CIP Water Return Auto On/Off
3| HV-CIP01 Auto On/Off Valve . ,
Valve “Close
41 P-101 Seawater Feed Pump | P-101 Seawater Feed Pump “Start”
A—B Pass
5| Pass Switch | Pass 418 A—B Pass A4 e a4
TE&73 FHE€ Auto On/Off Val
6| KV-J20IDA | Auto On/Off Valve | - .0 °5° 2H° ave
Open
T34 THE Auto On/Off Val
7| KV-J201DA | Auto On/Off Valve | - .o ° 7 ° 20° ave
Ope
8| LICA-J201A | 7-201 A-P Lovel J-201 A-Pass Level ©] 80% 7} €
- - -Pass Leve
W 74A] w7
J-201 A-Pass <% Pump Speed
9| SIC-P201A P-201A Inverter . B N
Setting — “50Hz
J-201 B-Pass 3% Pump Speed
10 SIC-P201B P-201B Inverter . « "
Setting — “50Hz
J-201
A-Pass
e B R Level o]
11) P-201A J-201 A-Pass Pump | J-201 A-Pass 3%t Pump “Start
80%°l =
g3 Fo
“Start”
12 P-201B J-201 B-Pass Pump | J-201 B-Pass <% Pump “Start”
13 LICA-]J201A | J-201 A-Pass Level | “Auto” = # 3t
14 LICA-J201B | J-201 B-Pass Level “Auto” = A3
5 J-301 sl+3=
slryas Aut On/Off  Val
1 tvopora | Auto oot vatve | 0SS Auto ave
Open
2| LV-J301B Auto On/Off Valve Recycle Auto On/Off Valve “Close”
3| P-121 LCSW Feed Pump P-121 LCSW Feed Pump “Start”
-301 Level ©] 80% 7} € w7} =
4| LICA-J301 | J-301 Level J7 | evel el 80% 7 = w74
51 P-301 J-301 +=3%F Pump J-301 +3 Pump “Start”
6| LICA-J301 J-301 Level DIC-J301 “Auto” & 23k
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No. ks = z A 4 & L]
o g7
1 Steam
X-901 Steam Boiler Steam Boiler “Start”
AR ew 135C &l
HV-J201A | Proportional Auto Valve | Steam Control Valve 100% “Open”
J-201 o0l Aew J-201 A-Pass Level ©] 80% 7} 2 w7}

A w7
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No. k' = z A 4 & H] i
MVR 7}&
1 MVR 7}&5
. Drain Port Level Switch
LSA-T211 Level Switch . _
“Auto” 2 A%
MVR Suction Auto On/Off
HV-K211 Auto On/Off Valve B R
Valve “Open
MVR  Sucti Auto On/Off | MVR ¢] Surgi
HV-J201B | Auto On/Off Valve pueton - Auto # Surging
Valve “Open 2] 8
. Steam Control Valve 100%
HV-J201A Proportional Auto Valve | »
Close
. Steam Control Valve 100% | MVR 2| Surging
ATIC-K211 | Proportional Auto Valve | N
Open WA &
2 MVR 7}
. 1. MVR Speed Setting —
SIC-K211 MVR Inverter . »
15Hz
K-211 MVR 2. MVR “Start”
MVR Speed =4
3. 15-40Hz7tA A A3l peed ==
SIC-K211 MVR Inverter 4 T3+ 5Hz

MVR Speed& %4

% A3 7t

- _ SG FW221A,
DO %A A Sight Glassol A
_ SG-FW-221B,
o2 gl
SG-FW301
_ SG-FW221A,
@ Sight GlassolA] Z=yto] 3t
SG-FW-221B,
A== Agolnt 274
SG-FW301
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(4) A4 - Single Effect

No. 3 5 2 A U & H] il
1 MVR %A
1 MVR &9z =74
MVR Suction Auto On/Off
HV-J201B | Auto On/Off Valve B R
Valve “Close
) 1. Steam Control Valve 100% | A¥&HS 3
HV-J201A | Proportional Auto Valve | N ]
Open Xz %]
| SG-FW221A,
2. Sight Glass oA &3¢S &
ol SG-FW-221B,
- SG-FW301
3. Steam Control Valve 7%=
L AEE 10% A
S 100—0% 7 A A3 _ « »
« » A1 8] Close
Close
A . 1. TV-K211 Steam Control
Proportional Auto Valve . N
TIC-K211 Valve 50% “Open
2. ATIC-K2119] 2%xt0l5 | HAH 130
ol 1~3C
3. ATIC-K211 “Auto” & # 3%t
2 T T8 =4
MVR Speed =%
1. 50~55Hz 744 A4 3] #pfeb
SIC-K211 MVR Inverter 4 FuFe 1Hz
MVR Speed & %4 _
% ARE F7)
SG-FW221A,
@O %7 Aol Sight Glass °l
] SG-FW-221B,
Al Fel R Eel
SG-FW301
SG-FW221A,
@ Sight Glass oA Z2o]
SG-FW-221B,
F7tE = Adn =4
SG-FW301
2. Surging ©] A= 4,
MVR Speed & #4
O =#A % Surging #4
F gl
@ Surging ©] AtEAH
MVR Speed & 37}
De-superheating Water Auto
HV-X211 Auto On/Off Valve . R
On/Off Valve “Open
=ENERES:
A3 2~5 liter/hr HYAZE | Fol M 1
FG-FW211 | Local Flowmeter e e " anua
Manual Valve & %3 Valve 9 MNEES
A
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No. g 5 Z A W £ H] a
1stEvaporatorz 2% %4
1 e A
MVR Speed =4 &
L 50~5HzAA  AAE MR | Lo opeed SES
SIC-K211 | MVR Inverter Fyl= 1Hz
SpeedE& %4 _
A8 F7F
SG-FW221A,
@O %74 Aol Sight GlassolA &
o= shal SG-FW-221B,
o SG-FW301
SG-FW221A,
@ Sight GlassolA] Fdto] F715+=
SG-FW-2218B,
7ol =4
SG-FW301
2. Surginge] WAsE H$, MVR
SpeedE 74
@ =4 Fo Surging AR I
ol
@ Surginge] A MVR Speed
=
100% “Close” ¥
Proportional Auto | J-201¢lA1¢] Z=was v ZF7kA1Z ’
HV-J301 o A%, ]300 & %
Valve Close” o] 47%

Pass A1 ¢

AoB Pass #91

A—B Pass 7%

DIC-J201

Density Control

1. J-201 B-Pass ¢ =7 1.125 7}
= w7k gi7]

2. DIC-J201 “Auto” = %%
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No. K = =z A W & H] n
2ndEvaporatorZ % %4
1 T =24
100%  “Close”
Proportional | 1. S3%S HAAZE 49 AAM3 5% A | 4 45, J-301
HV-J301 . B o
Auto Valve Close 2 FHo]l A4A
g
2. TEEFs T7MAE AS AA3E 5% A
“Open”
2 5 E
HEsts =
Density
DIC-J301 1. J-3019] %7} 1.2507F 2 wj7kA] 7] 8o uwe A4
Control SESp