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A Study of Performance Improvement of a Vaporizer Sea-Water Pump

Yang-Ik Kim, Kyung-Nam Chung’
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ABSTRACT
In this study, redesign of a vaporizer sea-water pump has been carried out using computational uid

dynamics. The flow field of the specified pump model is simulated and analyzed. In the flow analysis full
pump model has been used, and multi-block grids are employed to solve the goveming equations. In order
to improve pump efficiency, systematic redesign has been performed to remove the flow recirculation -ear
the hub of the diffuser vanes. The modified model shows about 4% improvement in pump -efficiency
compared to the given model.

1.M 2 3N e BN Ad dFA W FE Bz

e Aege] FE 58 Fr9 Fo
ANk F53Y Fdg BEUz =
_ﬂ

A WA AAYSE Mgl dAw £ IS LT _ :
e & A% P =adden =249 ¥

AR Fslel 1 45 E Bese 9ue 3y o #F A

& Balo} Y A7k BYFAAY Hade gy Yol W V1€ S AAHCR MaAA 3 71
AASCFD)Y Wz #xHoz Hzo Hxe 3  THERES AANAY £AEd dE e 2
Qgtm glon A 4o o]foixn guk mepy,  HE 7IEED tiF F3 nad d3 A4 gl A
ARGA A ] BEMA S48 Tre Alegm  TREEY FHE A9 Wit gl W 58 o
9TV 40% FH = A2 o SHU

AssETE A JUZ A9 gk INGE
A5E olgste] 7BAY & YES ING 714 & 2. HI HY I AN wy

$2 FFhE Yotk B ATelNE WEES} o

40624 448 498 2t 28y FAPZ 7] 2.1 HI A

SAFPLo| iste] WARAATLE AHgse A5 e

et da 42 FEsdde 32 WA B peoge v oz gad AsienEe Aoy

BE nefddon ¥x RS FAMO2 AW o yye weiFm o 29e eEse ¥xy §

* EHEEAE 7bell mouth)E YT gl e f47
s2E WEE AW F9TE FAD fAE ®

E-mail ! daroo@hhi.cokr

- 645 -



Hel $8g A0 dgste 92edE ERUA #
5o wge Ad Aoz waA Ho §4& 2
Z7ha7l A 94 B70A ols 2o| B f4&
e fAE QA o) 4T DEAE SHARA
$%9) Wy WY 2E= JASs UFA gy
Aol 37tz EUAE Yoz ABEA ©
o,

Hzo AR AAF o] F, gde 279 o
FA Y7 Atelell 3H(chamber)7t AA=o] AeH
2 d7dME o] FWx= ustglch B=] FF F
23t FA4L 5000 m/hr, 3L5mel ojwe] IHFE
5R2rpmoltt. w2bA P HEEE 406019 o] &
< (m/min, m, rpm)ell ZAE Folch. gd i
FE 67018 HiA A £ A

2.2 Hdt Wy

4 e dFe 3E 52 4F AF5oEA
a 71%% RANS(Reynolds-Averaged Navier-Stokes)
WAooz ggsed AuAAS 7] A3d £
AFME 44 CFD Eg:ﬁ’éﬂ TASCflow'?Z A}
S35tk o] -’Fi]?‘fﬂ’“ TIPS OgFH gL 54
< 23 9ok & HulE 9AA e FHE ZHEHE
AR AE o ‘_}§}8} ] $istq ??}74]’9.%‘3 ’\}%5}
n e A SEF
coupled solverolty.  oJisld  AYulFHAHALS
incomplete lower/upper factorization 7|¥& AME-3td
E32 9o o FHERE HEAIF fdte dF
Az 9 (multigrid method)& AHEStn ot & =
AA3A4 RANS w3849 tFde A 239

SRR

.{

AT E Zt3 Q) E modified linear profile skew-
upwind ¥8S physical advection correction® 7o)
Hgalgon F R¥oEE EF kv YL AR

Fg. 1 Geometry of Diffuser Pump

a3t

FEadd AM8E 3 FAAs B% 729 Fx
A A 4 vpex e, A, dFA BEEo=
e g Atk 9714 Jdeg dFAE TurboGridE
ol&ata] AZE AASAL AA Bl dhF AdE
3ty WEol & sj9 drle g ARE A
1 ) FUE FAFE FHo2 AXE A 4
AAZ 4 vhgadt Ao AxE ICEM-CFD
HEXAE o]&3led AUt Fig. 2v Aol A&
g 7€ Rl gig HEAARY dF ZHAAE
BolFn Qirk Aitel] AHg® AA Az & dF
44 oot}

A FAAG) ALgE AAzPeR Y AA
Ae #F 4E8E Foed 27 AAdME f3L A
Zalack £ FAAMINE ALt 99 Qo] AR
o BAAREZ 2ty glonE MFRMutiple Frame of
Reference)& AH&-stich uwhahx odsjE Idtsle
359 e Ad FFANA FAE vl go
2 AYsgon dFEAE et AR He A
W FEANA AAE vlngd Heoz HFIY
oA7|A ARt HAR Aol AAWAN AR Ag
WS “frozen rotor” S AMgETh FERAs
AR 2029 224 U459 FAASFE 47 9982 ke/
m, 0000993 kg/(ms)oitt. FA &= Aol a7}
5x107'012 BF 2347+ 1x10° )3k A +Ase
o 7hg skl

Fig. 2 Parts of computational grid

- 646 -



3. My At
25 NREIO O3 s

E A7 oREn J Jsssgze 39 )
wdo) g3t AAYel AAM daMT o] o)
glo} g MARNNY Aol thated ARAS A
Ag vuEg 4 ok "y NSAFEze g
S e F5ty] Aol ARG T Ye W
A AA H5APol £A8 T mdo| Tt A
AMe FPsn AN AR NPA 9 Hlﬂs}ﬁit}
*é% ] ‘:H u:é_g_ u} oz -]_g. ;d:g:o:gk] }
} ok 140090 AMEE HZom(ela Pump 10}
arp) gda W $E 4 AolL UFA A =
7 7}14 Fig. 3¢ Pump 19 st AafAgee of
23 454 23E A2 Wz g 4549 2
sol MR AEIHS BAFR ded 382
ME RATZ E715908) ¥ ohie Addd 7t
& g MAZNE NPX e HEH e F3 9o
o §3-44 T AFE F o=skx gk

Fig. 3¢) a%e] 8.9 Pump 1o] W& A4 Azte}
22EH 2004 OF YAHZo| g AsH A
2 AzZEY B §5Y uwhdel HZ MAd Hed
5 Qe U 228 ANHA ANS F1 Yox o
@

& 4 9lol.

011‘ Lo Ho nSL 2o

O

M

20 100
L Exp. H90
L e e Call “. e
15 :‘(‘i\ Efficiency \i3 ]
RN 470
~ F 460 €
E |} S 4 g
3 of > S 50 g
E [ 4 ] 2
- Head 40 &
| N ]
| N 430
5k ) 4
s -20
410
i

L 1 | 1 L 1 i 1 1 1 L 1 1
%.0 02 04 06 0.8 1.0 1.2 19
Capacity (Q/Qgur)

-

Fig. 3 Performance curves of Pump 1

3.2 7| 2Eofl CHet dSsi

71848 Z(0}3} Pump 28 FFhe 71& =Y
of 3 FEAY Aol viste] Hd¥RIZ AL &
X AFE ulel o] Pump 2 7]&E Edo g A
FAEE FAA AT FRHAT. eI
Fig. 89 EAH9] gled AdAE 9 7|2 2o
g uloA a2gdE HOS0Z HEAIE glrkeldt
Pump 2 7|EE9EE& HOS0EE 37|22 goh). 28A
BEo] HAAAN AMXe APART FHFL o 2
% AA &S 4 2% 2A d3H2 9ok

¥4, Fig. 49} Fig. 5% 7|& EddXA A7t He
FF 998 2oF3 3k Fg 45 AeHE g
MM B 452 HoFn gled UiFA T
B 2N f% A< recirculation) g Ho| e}

Fig. 5 Blade to Blade view of velocity vector for Pump 2a

- 647 -



U gle A& ¢ F do olE gdHY E7oA
EZHe 5] UFAZ FU&EAT gFAst 44
g 27 2t & 478 %2 W] HE HE 2A
A Aed 5ol TS itk Fig 58 2WLF
o2 10%5HE AAAA Gt EIf Abole] SEFE

€ BoFI gk 2N B uist Zo] A
01‘“ AE 2o YA E vt 338 E 9
Fel A FA7 Fidhe Acd FHol At Ut
olgld Ac# F§ SAe = He FHAA
45 gnja] WEd P F4& TN A
# F5E AARAY 2A 29FoEA HE Bed
FAd & Sl

(d

3.3 7|E 29| MHH|

oMt Y HOSOE 7IEEYR st Hro
& P4E gt ALAE Al Wt AT
2 g} dolM ER%e] Pump 2 7€ Rl F4

FA 79 B B2dA 473 2 fF A
ol At x gled ol F 7HA ol "HEA HeE
AZd. ARE 9D} UFA AeldA {27t
A2 B4 adHz) G 3733 gygezy ¢
A FHAA /% He7t 2z glon T AR
ZE 7IEEDA AAE JFYd s FFe B
ol Azto Aol ® Wiy tFAAMe] f2 &
gol 44y 7 KFY W AR wHIY
AgalA ke Aolth weld f2& 7HEH #AA
2371 At A HFA #2 &2 /KA
M F Acdo] TARA =5 57 S5t 92
2 fr29 dFA 29 FEo] HEE FE 2=F
A Fuol Fgu A sre IA4E W Al
A frezh oy AZHES AdASALT =Y,
fredael #43] vt A& A7) Asto ?J%ai
TN e Y $58 2EF gAY 2
o s FAAS I, FErEdME %‘%EM
diAe f2 b3 Aolg Foln FEIF ME
YA FBHEF ¥FE FAS e Tyl
A Ades gAd V|EEEY HEEYg %E}%_b
o P HMoz RddE FAE 61‘“44 Fee

AN

Fig. 6 Redesigned hub and shroud(dashed line)

ARUS R e} AUAS F98T 1
Fag & 3 09 FHR tete] Y%
sepsoted S mad dn W4 4o
HOSH SOZ 3 A4AE H2 Fy3 4
Ae HI 193 BRHA A8 mde
o £AEEL 2k HIS0, HOS1, HiS1e 2

%

=

T

=
[

3
HA
=

k!
2
=
J.o
=

A

& A}

3
gfe g
H0S07} &
EAET

3.4 $H2L0) 3 NsaN

Fig. 7¢ 3 711 $4%del fa AP 4
s 2%e sRude 453 vasa Yo 2

oA BEo] FHut WAF AL FAN ZHo| 7
E2do gl Frlsin ﬂ%ﬂ ol $A4ud

HISOS) TIFA Hufaa F5uet AL AAY
A7) Wge] &o] AA FASHA BAY Zolth
ookt e AT WAW ASAE e A9
A geu 93l gada 988 ¢+ A9
o Fz Que wFYLT Py s B P

B
2

Hém)

Efficiency(%) g

29

8

% H0S0 HOS1 H1S0 HIS1 EXP. % HoS0 HOS1 H1SO H1S1 EXP.
Fig. 7 Respectively results of redesigned model

- 648 -



Yo Zad WEol T 4271 %ommi e
W £E ARl o 10% Z7H9UT. @, Hug
FAre 9

S W HIS 229 3% $3e
3|

7HAAM oF 4% o A& 7H**E47} ]%—5101 HIS1
2do g 2ZAPL A vk I, Fig. 8
< HIS1 #AED st FARZF 60 %A

120

36

26

% FFAAe H5IAE RAFT Y]

100

T
] ©
o o

1
-+
Ef‘r?lclancy(%)

wrmommrmem HOSD
i —a— H1S1
® EXP.

dn

60

1 i i L c0
06 08 . 1.0 1.2
Q/Q

Fig. 8 Performance curves of Pump 2

Fig. 9 Mend|onal view of velocity vector(H151)

Fig. 10 Blade to blade view of velocity vectors
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