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Abstract

A two-way pump can reduce costs by draining and circulating water out and into the drum of the washing machine using a
single motor whereas a conventional one-way pump uses two motors for doing the same function. However, when the water is
drained through the drainage outlet in the two-way pump casing, a backward or inhalation flow occurs and the water flows to the
circulation outlet. Likewise, when the water is circulated, the backward flow or inhalation makes the water flow to the drainage
outlet. In this study, design optimization of the two-way pump casing is performed to maximize its performance while improving
backward flow and inhalation occurring inside of the pump casing. For this, design variables of the pump casing that mainly affect
the performance of the pump such as flow rate and torque of the motor were selected through the analysis of mean. Using response
surface models for the performances, the ratio of the flow rate to the torque was maximized with satisfying the constraints for the
back flow and inhalation through design optimization.

Keywords : two—way pump, analysis of mean, design optimization, design of experiment, response surface method

1.M Z 3= EAVE Stk
71E Pz gt A ATEL A, Aol F4, £9
¥k PxE= AN F i RHRE B8 wjEsta o|r Fol tigt HAMA e AFEC] B Pyun 5
TR 7] V)R] W HEE giABl] fe FEoRA, (2012) & J=ee] HALAE St = ) s A
shto] REIR AlE A 3 WiE7sAlde YRR B2 wlE ARSFR AFsted FR814E o] 88 Aol PiX= 9%
i, PEeelrle gz o &5 a3 le 45 Thetstal WREEHIVINS olgdt] HAZA Jin F
vt 71E P e R Aedte F /9 DO (direct (2013) 22 dAlH ol BERE Aol A543 o WA
current) EEE ARsle] Zizbe] RE 7L EA R 7% wake] 8 QA (volute tongue) ¥ ©HE el st A
TR ERE e B 1% AMgEERE A2 Ao @l 34 o) mA)= e sl EA8T Back $(2012)2
oA Eegto] Uit whA bk #x= & 7e] BLDC P SHPL AT TES o] Y3l Eellol=e] 4

(brushless DC) & 13 %}7’#6}04 28 9 WE2o) 3
A7) wj&ol ¢} Aito] sssiel SR|RE gk HiE=
TR AR Q18] 71E AlFlA LASA] FXE wE 2

=]

Amaleold wiET 3L el o] GRek F1) @/do] BA

AALAE 5. Park 5(2014) 10kw 29 296
Al vhete] Ak B4, @Y el 215t §3
Wae] e e L WE fE8S AAs] et Bt

glat Hul Ml sl 4RIl 670e o b A B

' Corresponding author:
Tel: +82-31-510-2308; E-mail: yoonch@pusan.ac.kr
Received January 12 2018, Revised February 12 2018;
Accepted February 13 2018
©2018 by Computational Structural Engineering Institute of Korea

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.

ro
Hi
>
>
-4
A
OH
o
ﬂ
HD
ol

| ®JI31H M22(2018.4) 79



7E HE ATES Wxe A%E Bol] Al g,
AVIGE, Belol= 591 SR AR} ool

Pk FE Alolale] AN E Q8] Aol e
2d-g CATIA V5 R26Z AM&3lo] #|#& d<3
ket Zde] Aol Ui e FE59Y

ANSYS FLUENT VI16(TSME, 2016)< AH&-g

o

_<>|£
i)
&*‘ .ﬂ
s\
i

AL H??H WA ”EM*"HH el el sl Aok AlE:

oAx Eo] FHEeE U, Wi Al Bl wiEE e W&,
] Bol wdkeh= w8 A 7l Hell AAEAE gEsiof
st} AL Table 13 o] gAlg)e] R3] A9}
ZARA Y RS Agslon, s wiE 9 gk A
JHg7t d2eR v2A A83t9nt. E (P2 2x(p)
1337}5:1:( ), A ]( h)E AL e ALsion,

A A8Et. A4 Sl wET
e R R e it =3 Y FoA Sl
v g —Lr%‘r:r@r AZH 5229 go] AolE ou]git

»

P=pgh (1

=

ANEAE Felshn o F AWFEANNE AAsH] 9l

Aol gl W fEFe] Bastnz Aoy WEHEIGS

Table 1 Boundary condition of two-way pump

, Emit Rinsing
Height condition condition
Inlet 34cm 3,325(Pa)
Drain 70cm 6.,846(Pa)
Outlet -
Circulation| 100cm 9,792(Pa)
Rotational speed B 3800(RPM) 3200(RPM)
b (cow) (cw)
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Table 2 Result of initial model
Boundary condition Emit Rinsing
Circulation mass flow rate(kg/s) 0.3622 -0.4229
Drain mass flow rate(kg/s) -0.6609 0.1451
Inlet mass flow rate(kg/s) 0.2987 0.2779
Torque(N * mm) 0.0829 0.0648
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Fig. 1 Design factors of pump casing
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Table 3 Design factors of pump casing

Design factors 1./B U/B
X, Inlet diameter(mm) 23 25
X, Casing height{mm) 25.25 27.75

Impeller top-casing bottom

X. . .

8 distance(mm) 18.95 | 20.55
X, Angle between c1rculaot10n and 0 36

drain outlets(°)

X, Impeller height{mm) 11 12.6
X; | Drain outlet-bottom distance(mm)| 9.05 13.05
X, | Drain outlet-inlet distance(mm) 15.7 16.7
X, Circulation outlet-bottom 16.35 17.35

distance(mm)

X, Clrculgtlon outlet-inlet 16.2 172
distance(mm)

X Blade number of impeller 3 5
Xy, Thickness of blade(mm) 1.8 2.2
Xy Thickness of diaphragm(mm) 1.5 2.5

X, Impeller bottomwasmg bottom 335 4.35
distance(mm)

Xy, | Inner radius of diaphragm{(mm) 19.5 25.2

X, Rotatlon‘al‘ speed-emit 3400 4200
condition(rpm)

X, Rotational speed-circulation 2800 3600

condition(rpm)
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Fig. 2 Sensitivity of design factors
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Table 4 Result of initial model

Initial 1 Initial 2

Boundary

L. Emit Rinsing Emit Rinsing
condition

Circulation mass

flow rate(kg/) 0.3622 | -0.4230 | 0.090 | -0.480

Drain mass flow

rate(kg/s) -0.6609 | 0.1451 | -0.710 | -0.021

Inlet mass flow

rate(ke/s) 0.2987 | 0.2779 | 0.620 | -0.501

Torque(N * mm) 0.0829 | 0.0648 | 0.083 0.058
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Table 5 Adjusted R-square

Y1 Y2 Y3 Ya Ys Ys

R% (%) | 99.23 | 99.91 | 99.88 | 97.73 | 92.21 | 99.84
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Table 6 Optimum results

Initial 1| Initial 2 | Optimum Solver

bexi e | 265 26.5 25 .95 25.95
Vareizl}flts 2 | 16.2 16.2 16.2 16.2
24 4 4 5 5
-0.710 | -0.7967 | -0.7964
-0.6609
Objective | 2 (7.4%1) |(20.6% 1) | (20.5% 1)
function -0.480 -0.5285 -0.5367
v | 042990 11 gy | (2202 1) | (2a.8% 1)
v | 03622 | 0.09 0.0328 | 0.0346
Constraint| v, | 0.1451 -0.021 -0.0598 -0.0598
function | y, | 0.0829 | 0.083 | 0.0967 | 0.0965
ve | 0.0648 | 0.058 | 0.0681 | 0.0683
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