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Computational Performance Prediction of Main Coolant Pump for
the Integral Reactor SMART

M. H. Kim, J. S. Lee, J. S. Park, J. I. Kim, K. K. Kim

CFD analyses of the three-dimensional turbulent flow in the impeller and diffuser of an axial
flow pump including suction and discharge parts are presented and compared with experimental
data. The purpose of the current study is to validate the CFD method for the performance
analysis of the main coolant pump for SMART and to investigate the effect of suction and
discharge shapes on the pump performance. To generate a performance curve, not only the
design point but also the off-design points were computed. The results were compared with
available experimental data in terms of head generated. At the design point, the analysis
accurately predicts the experimental head value. In the range of the higher flow rates, the results
are also in very good agreement with the experimental data, in magnitude but also in terms of
slope of variation. For lower flow rates, the results shows that the analysis considering the
suction and discharge well describe the typical S-shape performance curve of the axial pump.

Key Words: ¥A 3892 %(Integral Reactor), AHAHF ] 8HCFD), A% (Experiments), &Y+
(Suction), ¢WZl(Inlet Guide Vane), FHZ(Axial Flow Pump), A5JIA

(Performance Curve), &4 74]73(0ff—design Point), 5 (Head)

.M B2 A o EAE g4stn o
T AAHATLE YAFLARE  SMART
wAstE  MAM- A Y sHComputational -+ Fluid - (System-integrated Modular Advanced
Dynamics; CFD)8] 7]14& ojejoko|x dAm  ReacTor)el AH8-2 B2} 2} 38 = (Main
@z}% gdss 4149 49¢ sHsaA wg  Coolant Pump; MCP)o] ti@ 47 2 AL2 +
7 gon, AFgzte] °%d We& CFD m=eo ¥ A1) MCP= 7% HZ=2 fig. 1%

2802 MAAA/]} AW CFD A4 stn axn  €° d4A4=2 4d9 FY € ) (annular cover)o
2 Ao wgat= Ao JsaA HAUch FHoz2 MdAFH xi(core)ll M EAE dE
£3 sogole wgn wee A pa  57/1BA7I(steam generator cassette)E Ol F A

dado] BErlsHd 2 dao qg Az 5 BEAE A SF;ANE 4¥e 7T

‘?} MCPE A Fo 93] A= AFAP
& Foto] deol &Udd Aotk MCPY ¥F
Ae AYe F8 AFS ook AT B 4
okl A FeAgdl M AAYY Asz A

rie

+ 20039 05¢ 289 HF
1 FHY, FFAdAYA T
2 PR UAHATA

o) _|1~J tlo



A8d A3%. 2003. 9 AAFHAAZ SMART 244 ¢8gte] Ardsols 33

Controi
4——— Element
Drive
Maiii ] Mechanism
. =
Cooiant
Purmp \ ]
. Annular
gt Cover
; o
Pressurizer
Steam
Generator
Cassette
Reactor —————yp. 1]
Pressure H Core
Vessel
ol vhedso] AFPE RFFPTE iR 5
P AN A5IHE AT vunEy
oow=d FUT WAl W=} el mlAE
. o] S 5lor= o] = r-3ge) = = oro
Fig. 1 SMART reactor assembly g Torsy] At FUTE LA ¥R
£ A5Y axAF4e vin JEFHAS
£33 MCPY 453I4E A @ ohjzt o AlS
- =3

A #F dd "R delEE 27sn glo.
kA A AE Aol B Aok dAIHS ]
2 A9 oy A52He AAY Bart Qo 2 479 dEEAEe MCPst 22 %7

£ A7 2He CFD 71 g olgstel Mcp = FUHS HFEAZ AR Aok MCP

% 2 HRYL(axial pump)dl 45 A¥s o AAEAT AVRIHAN 2T A2

D

o {0 o of

1, A4ARE T Y5IHol B dApers & AANAT =3 9dHe 44
g A AT 753 Bwd Zyoxz §  92mhr, HA FFE Imelx IAF

Zvsted g Xd&;];*% SMART® Jg7  3600rpmeltt. AAE Jdieg dFA9
olelE ¥ 19 Uetuidth FolA RS W

Table. 1 Profiles of impeller and diffuser

do = rlr rlo ot e |k

oY off X Ho
-2

<¢gHA>
R(mm) | 3800 | 4733|5511 | 6192 | 68.04 | 7366 | 7889 | 83.78 | 8841 | 92.80 | 97.00
Mmm) | 57.30 16384 | 70.08 | 75.27 | 79.69 | 83.53 | 86.93 | 89.97 | 92.72 | 95.22 | 97.22
FA/I%)| 1211 11084] 983 | 9.11 | 847 | 792 | 744 | 702 | 665 | 631 | 6.00
Bi‘(deg) | 5895 {6296 6551 | 67.43 | 68.89 | 70.02 | 70.92 | 7162 | 72.16 | 7257 | 72.86
Bo'(deg) | 1535 | 3662 47.09 | 53.38 | 57.69 | 60.91 | 63.46 | 6558 | 67.41 | 69.04 | 7053
<t} FA >
| R(mm) | 3800 | 4733|5511 | 6192 | 68.04 | 73.66 | 78.89 | 83.78 | 88.41 | 92.80 | 98.00
Imm) | 81.78 |84.02| 85.16 | 8584 | 86.30 | 86.63 | 86.88 | 87.07 | 87.23 | 87.35 | 87.46
FA/1(%) 6. 6. 6. 6. 6. 6. 6. 6. 6. 6. 6.
Bi‘(deg) | 39.87 | 3384 | 2994 | 27.14 | 25.00 | 23.31 | 21.91 | 20.75 | 19.75 | 18.88 | 18.12

Bo'(deg) | 693 | -659| -634 | -614 | -598 | -584 | -5.72 | -562 | -553 | -545 | -5.37
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Fig. 5 Computational grid system
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Fig. 10 Total pressure and flow distributions
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Fig. 13 Comparison of total pressure and flow distributions at the capacity of 55%
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Fig. 15 Comparison of total pressure and flow distributions at the capacity of 25%
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