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A Study on the Diffuser Inlet Shape of Thermocompressor for MED
Desalination Plant

Chang-Fu Jin* - Young-Ho Song* - Kyung-Keun Kim** - Gi-Tae Park#** -
Han-Shik Chung#** + Du-Youl Choi*

Abstract © A thermocompressor is the equipment which compresses a vapor to a desired
discharge pressure. Since it was first used as the evacuation pump for a surface
condenser, it has been widely adopted for energy saving systems due to its high
working confidence. In the present study. the geometrical analysis of the shape between
the jet nozzle and the diffuser inlet. the drag force was calculated by means of the
integrated equation of motion and the computational fluid dynamic (CFD) package
called FLUENT. The computer simulations were performed to investigate the effects by
the various suction flow rates, the distance from jet nozzle outlet to the diffuser inlet
and the dimensions of the diffuser inlet section through the iterative calculation. In
addition, the results from the CFD analysis on the thermocompressor and the
experiments were compared for the verification of the CFD results. In the case of a jet
nozzle, the results from the CFD analysis showed a good agreement with the
experimental results. Furthermore, in this study, a special attention was paid on the
performance of the thermocompressor by varying the diffuser convergence angle of 0.0°,
0.5°, 1.0°, 2.0°, 3.5° and 4.5°. With the increase of the diffuser convergence angle. the
suction capacity was improved up to the degree of 1.0° while it was decreased over the
degree of 1.0°.

Key words : Multi effect desalination plant (MED, ttZ&& ©+44), Thermocompressor
(Dg+=71), Suction flow rate(FY-%%). Diffuser convergence angle (H37F4 4+
B 2470, Jet nozzle (F54%%), Entrainment ratio (F¢+#81])
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Nomenclature
Alphabetic
A : Cross sectional area (m?)
Cp ! Specific heat at constant pressure

(J/kg.K)

CDL : Converging duct length (m)
D : Diameter (m)
ER : Entrainment ratio

F : Force (N)

GOR : Gain output ratio

h © Specific enthalpy (J/kg)
k : Turbulent kinetic energy (m%/s?
M  : Mach number

m  : Mass flow rate (kg/s)
NXP : Nozzle exit position

P, p : Pressure (Pa, bar)

r : Radial distance (m)

T  Temperature (K)

t : Time (s)

VvV : Volume (m®)

v © Velocity (m/s)

Greek Letters

a : Angle of converging duct (°)
p : Density (kg/m®)
u : Viscosity (kg/m.s)
g : Turbulence dissipation rate (m%/s®)
Subscripts
d ¢ Discharge
eff : Effective
m : Motive
p : Production
s : Suction
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Table 1 Thermal property of water vapor
Unit
J/ ke K)
W/ (m K
kem/(m s)
ke/kmol

Values |Remark
2.014.00

0.0261
1.34x10°

18.01534

Properties

Specific heat capacity, Cp

Thermal conductivity, k

Viscosity, #

Molecular weight. M

Table 2 Calculation conditions for performance
analysis of thermocompressor; Data number
matrix in case of 2.0° convergence angle

Motive steam Discharge pressure. x10° Pa
pressure
266.0 x10° Pa 1:15.0 2180 3:22.0 4:25.9 5:28.0
o | BIFL | BI2 ) )
160 | =046 |a=046
[gg | BUL | BI2 | BI3 | )
a=0.67 |a=0.67 |a=048
Sruztslgf‘e mgg | BUAL | B2 | BES RO |
px1e03 Pla oY 122088 |a=088 [a=0.88 |a=0.43
V1.0 BIV-1 BIV-2 BNV-3 BV-4 BWV-5
T la=1.09 |a=1.09 [a=1.09 [a=1.09 |a=0.23
V180 BvV-1 BV-2 BV-3 BV-4 BV-5
“1a=129 [a=129 {a=129 |a=1.29 | a=1329
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Table 3 Calculation results according to the con-
vertgence angle of diffuser inlet
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Convergence Flow Rate, ke/sec Entrainment
Angle Motive | Suction | Discharge Ratio
0.5° 0.099 | 0.080 0.178 0.81
2.0° 0.099 | 0.088 0.187 0.88
3.5° 0.099 | 0.082 0.182 0.82
1.2

Crtical flow Subcitical flow Reverse flow

e -——-—-——-—-._.

g osl ;

:

04
00 Loibnd L. bk N
10 15 2 25 30 »

Pressure kPa
Fig. 4 The effect of discharge pressures on the en-
trainment ratio

1200
——All-3
i — —BI-3
G ——ClI3
g wof : I
bd
= M 1
= o Diffuser
z S—— ! lhnlmt
:g 600 o outler i Junu
.Q) )
- ! Diffiser o] L
thtoat @
inlet
300 |
b
0 @@@m@? Il f
oo 05 10

Position m

Fig. 5 Velocity distribution along the center line of
thermal vapor compressor

Table 3& H#A Y+F
B:2.0°, C:3.5°¢] %9 FYf%H
o2 FU4%F /17t fEeE
28, ol Faze] /858 fEUs
ABE FUFFE SHUE U+ a2

FA QER Faze] BRo O AN

o Fazol AN0.5°,
ekl
=

ro
ol do I
)

_\4“_,[1]\;_‘ pors

o ¥
i
=

M)
o

=

%

ol
"

gaupA Aol gere] =] ARA A6E, 2008 9/ 873



71 o dFIE FEFAA olgetd FYF719
2ol FHFAE AESHER o= A% o)goF
7t FdRFE SUtekA ded ¢ F
o

101e+03

9 56e+02—,

9.13e+02 -

8 6940 T
s e

”'\g

7 82e+02 ——ék“\
7.39e402— (a) Alll *3, Ps=12.0 kPa

6 950402

6 52e402—

6 08e+02 S TR

=12.0 kPa

2 17640 € s — g
174402 ————
s22% < () CIN-3, Ps=12.0 kPa
4 35e+01
0 00e+00

Fig. 6 Velocity contour of thermo compressor at
various convergence angle

300 0k
mm
sookE A}
l P — ——Alll-3
outlet - —Blli3
—A—C-
o 2000k | . . | cHi-3
2 Diffisser—e|
v throar
Z 1o inlet )
o e Diffiser
= throat
100.0k |- . outlet
50 0k |- . . . .
00 > e L
00 05 10 15 20 25

position m
(a) The center line of thermo compressor

30.0k
25.0k |-
Diffuser ]
v 200k
= ——Al-3
2 - B11-3
o
£ 150k —o—CIi-3
100k
= Diffuser
throat
50k Jontlet
0.0 L L i
05 10 15 20 25
Position m

(b) Detail of diffuser

Fig. 7 Static pressure distribution along the center
line of thermo compressor

874 / ¥=vpdldAyolg &3] 2] ARA A63, 2008 9

Bl Qe - A5G
18
= =P 13.0kPa

16 =P 160 kP
e =P =190 kP
=
s
= . : i :
g V——V\v_\v
g
‘= + +
= ————

06 I i i i

0 1 2 3 4 3

Convergent angle °

Fig. 8 The entrainment ratio of thermo compressor at
various convergence angle

dfFol Hol WF F#
Sas @ vk 2T Fig. 62 7hzbe] 2§
of g £5F I M(velocity contour)E BHAF
RIS

Fig. T(a)olX Hewpsp o] d4=71 F4F
Mol tHEEE HUFA G475 Fazd #7

Slol dA3s Fo(Pattern)E Hol1
Fig. 7(b)= "UFA %
28l

01]:].
o Y 4R IS
AOE UFA ATR Fhzol Fe A9
Aol vistel AUHOE FYFFo
FESIE A e, 52

< HFA B

7
& %5 A

PR Fazel 0.0°

1.0° 2.0°, 509l A4 FALH) B F
UHFNE FNG A0, YoIM AT Bhst %
°] 1.0°~2.0° F-ZelA A

[eJe) A
JEe & F Jdoh

Fig. 82 d#



4. &2 B

B Ao e gEig Ga4duf 9ol
UHA JFF B4 uE Fddsel U d
FHAEH FAALE Bt UEH 22 dHE
At

(1) €57 U4y 542 Critical flow,
Sub-critical flow$} Reverse flowe] A 7FX=2
TEESE ¢ 5 ddoh

(2) AAduo] H88 d4H719 F94

AAGH NS SRl SohE b ¢

d #
Fu7F SUtet FUdge] dAGHESD 5o
VR FAREmvE Aaske As ¢ AU

(3) *EdEH FIddEE LA AT F

$ 9717 UFA Y7R
=2)

ES
Q
HHGsE Y ¢ F

= 7

i

R3] SR B 7] S Tl
A H byt o AU sE 28 BK21
% NURI Aol 2late] o] Fojg o, oo} 74k

ozt
Y
o
et

(11 2006, “The 19th
Desalting Plant
analytics 1td.

(2] H.8. Choi, S.K. Lee, G.J. Jung, 2002,
"Experimental heat transfer analysis of
multiple effect desalination

IDA BAH03-099.

IDA  Worldwide
Inventory”. Media

pilot
plant’,

31 T. Ueda, 1961, "On the performance
characteristics  of steam  ejector”
JSME, 4-13, pp. 124-131.

[4] K. Matuso, K. Sasaguchi, K. Tasaki,
H. Mochuzuki, 1981, ’Investigation of
Supersonic Air FEjectors - Part 1.
Performance in the Case of Zero-
Secondary Flow”. JSME, Vol. 47. No.

] oA 4 g4l 28 A i

416, pp. 635-641.
5] K. Matuso, K. Sasaguchi, K. Tasaki,
H. Mochuzuki, 1982, “Investigation of
Air  Ejectors -  Part
Throat-Area-Ratio on
JSME, Vol. 48,

Supersonic

2 Effects  of

Ejector Performance”.

No. 428, pp. 648-655.
[6] Y. Bartosiewicz. Z. Aidoun. P. Desavaux,

Y. Mercadier. 2005, and

experimental investigations on
Heat and fluid

"Numerical

supersonic ejectors’,
flow, 26, pp. 56-70.
[71 T. Sriveerakul, S. Aphornratana, K.
Chunnanond, 2007,
steam

"Performance

using
computational fluid dynamics @ Part 1
Validation of the CFD results’, Int. J.
of thermal science, 46, pp. 812-822.

[B] T. Sriveerakul., S. Aphornratana, K.
Chunnanond, 2007, "Performance
prediction of steam ejector using
computational fluid dynamics : Part 2
Flow of a steam gjector
influenced by operating pressure &

prediction of ejector

structure

geometries”, Int. J. of thermal science,
46, pp. 823-833.

Ha=R(&EiE)

19604 1091M, 1993 oiMHciat &
Z|AEn E2Y, 204d ERUYEe s
H7{A gt MALE TR (Z e AP,
200713 FHESHUCHEIT CHERl T|EA
ARIEE BRARDVE B (FEREAD, 200
7~R, SHHMAR oo,

SHS (RER)

1968 3¥ M, 1993 =g, BoHHE
B IFERNEAY, 20050 ¥

UMIST CHEH, Thermal Power & Fluid
Engineering Div.(AJAf, 2004 eh=slgf
EH°*_’ I\HZEENEEA, BA O
) CHIEOLAL

gantd AUl Yes A A2 Aes, 2008 9/ 875



HAZ(EFR)
19745 erRsicrm %?g,, Szpeial,
7y sHEsoLTiStE shalchat 7
AHBE Dg i‘dé!%ott- ol
|5§’_‘8} 5“ 33 i

LNG Autel @as, &

271} (FHEER)
1981144 524, 20079 Zakthstm

JiAgB By B, BA AT
thetel MY |ABa ARAND A
AR KBS

A BHA| (BhEAE)

1954:4M 1981 Sothshm(shal,
19833 solfstm ?é%i{!“ﬂ(é—. H
19871 BOMHEND  HFH S s (WAL
A HAUEE 7| A ST Es Iﬂ-”F

E| e (g

10684 7244, 1003 Sh=siUciEtm
7| ASEtn £, 2008 Sh=Eoff k5t
m ZIABET MARE  (EEMAR,
2008 84K AAhEtm M| MG vt
ALZbY

876 / dFwtddA AR e E A A3E A6E, 2008 9



