Journal of the Korean Society of Marine Engineering, Vol. 39, No. 3 pp. 238~242, 2015 ISSN 2234-7925 (Print)
J. Korean Soc. of Marine Engineering (JKOSME) ISSN 2234-8352 (Online)
http://dx.doi.org/10.5916/jkosme.2015.39.3.238 Original Paper

52344

l"“

GFEE g5 AH S04 AFEA
agA’ - 4

(Received August 26, 2014 ; Revised January 20, 2015 ; Accepted March 13, 2015)

Numerical Simulation of Steam Jet Vacuum System in Multi-effect Desalination Plant

Sang-cheol Kol - Yong-sun Kim' - Du-youl Choi® - Pil-hwan Kim®
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Abstract: A steam jet vacuum system that will be implemented in a multi-effect desalination plant is numerically investigated.
The objective of this study is to numerically investigate the performance characteristic of the steam jet vacuum system for the
sea water distillation process. The effects of design parameter such as nozzle size and converging duct angle are discussed in
order to get a better understanding of flow characteristics inside the steam ejector and subsequently pave the way for more op-
timum designs. The simulation results have been in good agreement with experimental data and have well reproduced the shock
train phenomena of the throat region.

Keywords: Multi effect desalination plant, Seawater desalination, Steam jet vacuum system, CFD

LAE shan glol, o19] atsh e Fule) oy Ha AulglA
A5 gt FASY A5 SR oy Fap O BN AL RAEREL A5 b A 2750

9t 2ol

=
A QR ohe} el

=R E=E=1 o] g
T7] TIT= HO B
2 A% = o1Rs} AJLE 4 gl P2 AAEs 23 b 2 ATl E 7101 A Y AegA o] s =
vl APlE 9+ ] A}z Al ) 2k o ¥ = ME Hg’/}"]lg] 8H£l: T1:3]'"/1\‘@( %%E Zﬂ%’—@"]ﬂ] EI%E’]%
I AW S R Aoy T)dael dagle] vkl
Zzpele] Bust sbssh, o ARBT FA7)7Re] &l 710l AE o] &5l tgh A S Faste] 4
B3 Gk ok 7] FAulgo] A =i gae] oy, FHE MIAE AANTA vt HES st 2 A
Seerst Apane Aasge gae gys Mol W =esh 2

o) ol ALgETE A ol7] §1% 77} ol 2

B3 ek 53 bk FAAMSE) Aol wla) oA 2. 4FEE s gt dve 74
2 EE A7) e g 8 8(ME) A 2003 U ad 84 w98 Y] Figare 101 2.1 23} o)
A 2009A71A] 8] Bt A1) 40% oS Hekar oA ArE SEA7]7] A% S8 7](Evaporator), 5%
A 719] vpAut thol] A== ZF7]-8-57](Final condenser), &
U5 G-8(ME) WA dlgEst Al A3 E oA 71 3437 A% ESHE7](Thermal vapor compressor),
wAHRE A3EX Y AA D AZ 7]eY Tk S| N2 JFdEE FAE] 9% F7]0] A
T S8 ddolARE AA iR e el o FIFA] (Steam jet vacuum system), HE}Ql 3-8 232

T Corresponding Author (ORCID: http://orcid.org/0000-0001-6168-5398): Department of Mechanical and Automotive Engineering, Jeonju
University, 303, Chonjam-ro, Wansan-gu, Jeonju, 560-759, Korea, E-mail: scko@jj.ac.kr, Tel: 063-220-2623

1 TOP Co. Ltd,. E-mail: wva223g6@naver.com, Tel: 063-834-8257

2 Fluid & Thermal Engineering Co. Ltd., E-mail: cdy@fte.kr, Tel: 055-337-2700

3 Fluid & Thermal Engineering Co. Ltd., E-mail: kph@fte.kr, Tel: 055-337-2700

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering



ofo
ot
5
il
=
o
olN
o

Usa
©] xZ(Spray nozzle), HEIRle] 7tEE & dlH
(Pre-heater), = 2 BepRle & B 18] A28 A

A

of 9 Y5AY AR AZ vlole AF A= T

M, LP Steam

Thermal Vapar Campressar

7,49 syt
)Y

Figure 1: A schematic diagram of the ME type desalination
process
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Figure 2: Geometry of a steam jet vacuum system

Table 1: Dimensions of a steam jet vacuum system

Nozzle throat dia.(dn) 9.5mm
Nozzle tip dia.(dno) 16.2mm
Diffuser inlet dia.(DI) 29.9mm
Diffuser throat dia.(Dd) 24.0mm
Diffuser outlet dia.(Do) 51.5mm
Diffuser inlet convergent degree 1.5mm
Diffuser outlet divergent degree 3.5mm
Diffuser inlet length(L1) 15.0mm
Diffuser inlet length(L2) 148.9mm
Diffuser throat length(L3) 84.0mm
Diffuser outlet length(L4) 224.8mm
Diffuser diameter ratio(L2/Dd) 6.2mm

Table 2: Flow conditions for the steam jet vacuum system

Motive Suction

Di

scharge

Pres. Temp. Pres. Tem
(Y

Pres.

T .
(barA) (eJCng)

(barA) (barA) (C ?
5.0 151.8 0.29 38

1.113

145




oy T
e =
3L
= 2
2z <
£ xe
:(ﬁﬂ“
bjﬁn
{ w
- R
=

=2
™
ol
)

2 ot
oX,
i
S
o

e o

ooy B

F r

2 §A27F S4sHA =
o] doju, tFH &7
e de & Adsta

2

°
£ x>

e =
e ot &

0
4
4z
M

L

30, I
=2
-
o T
)

b

dlo
tlo
e

—
°"e"d’*¢’.¢°¢ f”ﬁ»ﬁ

FEEwe]

Figure 3: Coutours of velocity distribution
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Figure 4: Contour of Mach number and pressure
distribution along the center line of steam ejector
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Figure 5: Static pressure distribution along the center line

Max,

Suction pressure Ps  bara

o1 STES EJECTOR

0.0

10

100,
Suction Load. Qs kg/hr (Mixture)

1000

Figure 6: Expected performance curve

Table 3: Calculation results of simulation

Mass flow rate . . .

(kg/hr) Motive Suction Discharge
Expectation 177 50.0 227
Simulation 187 53.4 240.4
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Table 4: Flow conditions of the ejectors

Wse s}
%7101 45

Pressure Temperature Flowrate
(barA) (°C) (kg/hr)
Motive 5.0 151.8 177.0
Suction - 38 -
Discharge 1.06 145 226.3
0.16 0.2 0.25 0.27
Suction Pressur
0.3 0.35 0.4 0.5
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