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A Study on the Performance Prediction of Automotive Water Pump
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Abstract : A Numerical analysis has been used to predict the performance in the automotive water pump with double
discharge single suction. The influence of parameters such as coolant flow rate, rotational speed, ratio of blade height
and clearance has been investigated. Also, the prediction of hydraulic performances such as static pressure rise, shaft
power, hydraulic power and pump efficiency is carried out on the water pump including an impeller and a volute casing.
A full size water pump test bench has been developed to validate the CFD flow model. Discharge flow rate, suction
pressure, discharge pressure, rotational speed and torque measurements are provided. Coolant temperature is 80°C,
water tank pressure is 1 kgf/cm’ and flow rates vary.
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Nomenclature Subscipts

D :impelier diameter, mm i : inlet

h : blade height, mm 0 : outlet

a : blade angle, deg. d  :design point

Z : blade number, ea

t : blade thickness, mm 1LME

N :rotational speed, rpm APz Aol &4 7R 2 JEe 0

Q  :flow rate, m’/min A 27 QA= GRS )5 B, Z 99

4P, : static pressure rise, mAq 2o AT 94, Bl 4, Egole Ql, &
9 3 A% 55 € 5 ATk =T Ad2H Y A
el o) F7H WG5S £5 JUAE ¢

. H A= v He o= g3

To whom correspondence should be addressed. _-‘ jﬂ A Frol B2 2ES FE g4

hsheo@katech.re.kr 3t BRE Aol AANAE F25 uet v



SN - 4B - o7I% - AET

A& glo] SEoUAE Gl A2 HA 3

HH ol Hujlo] EE 9t s A= Ao] 2 dt)'?
AE2}E FES BEQE JEHFTE= oA AL

A AU H9 YA o2 AE V6 L V8 5
o AEA ARl A gEH WA5E BA =84
e Age A A FES BERY AEE=

o AANA Fag 18 ek HEo) 54 %,
BT geRdohd & - o Y 2= 9 Y
Zt5 3 329 B4 AP wet EESH3S A
AaiA SRuE F YRS F2 F3e AAss
Zojt}.

2o AFAEo] JE P = AA9 s o B
=ES wEsgn’? ol YREL BEFE Ao
g A9 e e B =gk nd 1Y A
A A w oz 9ol A3t dde ¥ g5
ez »E*ers“ ZA57) 9% 54 2
o) viers F o] 23 Ay 9 P%%L & At
Zhgol| 718g F1 glch ol g 12k A a4 W

= ox

W2 2z} f-F(secondary flow)2 FA] O]'J_ * 5=

2 8 5 9uED By o= Wk 278
Aesl7] Wiol 98y F2E Tt ETY
&5 2¥9 AAF 2 55 v E e H2
W 5-o] A 28 EAE 1eskx] Eet o]
gk QA2 23t g 3= &9 AlSslip factor) B}
Uz x@ste] Aegolrnk” 12145 a4 why
o] I o2 AL o] Wio] B npg
o] F2 AR o] dFolA gl g A4
AN g ¢S Aot AA A Tde Bol
o2 Aolth

1990 2k o] FRE] HEPHE 4
CFD 7] & o]&3dl B} "‘“ﬂ?‘f e 5498 7
B3z} st o, 1990t Fk o] Fo = A
HEE o838k AAteE 7t “Lﬁ-ﬂﬂ Alzret

¢

ol# ¥ 35h41 CFD sh4e]) o] ¢ A7 2 YA
o B4 Bl T % 5 54 7S 50 9
A A5AHE ol uxt sk AHPze B
FE Aol Wael BE A4S dFol B AT
A% AR5 o)) £ v Yo} o EE B
EZ fHPze 92 a7 gl AFH 3

o}.

28 SRNSAIAS=2F HM12A M35, 2004

B QTN E FES GEY AEBZo B3
9§54 & $18he] 4§22 Fluent 6.1 o]
g3to] R AAZ AHBI) QAR VL o)A
ooz Aste] gl B4 Faol BE fE55
e Bkstel Mol A P42 AL,
F AAzE At 9By Y4 KT BRE
A7 WA FEE BELD HEH I o)
# ASANS TS, B 5245 AY
Boksh v AE B0 4 A5 B BEHE
AzsA.

-

2 NEFA R Wy

B A7 AH8E FEE BFY FEH Lo o)
58 A5AY 229 HFEE Fig 1o ek
Atk TYel AMOE Lk SATEE W2k
o 5L Uehin], AA L A9 Holg e &
£2 Utk A9 e B EZE AC AHE R A
ol W7|EE(10 HP)% M AN FEsA,
ek A Pzme} A7) B Abolo] 91431 4]

AN g x5l x5 5L SR

EﬂEWMWEégﬂaguﬂx1e 7] 95t
REjo HEFE Folo 3 MEE FH3AUT
WzkEE A4 o3 zHew 7}@3} ] H

% shof
7k B3 el 15kwel 756 & s e
R EREERCEE R
29 5 3ol K-typee] AATIE e ste] Y2452
FBANEA ZESo|N Asks AF SEZ A
olSh=% shelrk WA AePLe) FE5 AY

Flow Meter Co
it Oischarge mpressor

i
_______ {.;,) H Vaive %_4
€ Lo

1 o

! —

i Suction

1

)

1

T 1

Valve %

____________________________________

@. Thermocouple
@2 Pressure Transducer

Fig. 1 Schematic diagram of test rig



XNSAE A=ES T2l ez s

A2 L o) F(closed loop type) 2.2 A A 3ke] A
Hxol AA) 1 AHE A Ay FAlEA A

Pea 0FY A0HnS) FY YU 25 ¢
'—.i—zé ‘}7] -r]°}°4 A% e ELe] FQ T
A A (£100kPa) &+ 7l 9} 2 EZ o) zhzt 31
1A(0~0.5MPa) 5 7}E o] &ata] HEsG0.
W, BE% §3 Fig. 19] JeHd v} o) EE T
guze 3 -"ré"ﬂ EM ) %%ﬁ](Max.

Rom, GRS BT G245
- HEE SRS Stk BE 27 dolels
e Agsiolgel txYst she] erte
2 54109, do|Ej = PCol A% =2 stk

Suctio
nVqute Casing

Driving Belt Pulley

Fig. 2 Water pump with double discharge single suction

B Aol AgE 98 Z= 3,000 ccF V8 AR
o AEHT YEE 95 HHBEZEA Fig 29
vebd vhet o] AR E F= G4 9
2, dA oA 2T LA S GHo A =
AFANA F5 & N FL7 7 7Y BEETE

b= BRE Ao, 75 Wo]H o o]
2 o g 01*“‘1’319}5313%“454@

A 208 Wb "ae] <tes 37 o457
21 Okf/cmiﬂ- bt o, W7k 25+ 80T
2 a8t gie 3 Ase 9 JATFE 1
Ag oA EET HHE F3E ZHSIHA
Q, &7 4H7 ZHY 22858 S SHG L
shte] Hx 3l el gigt A1E-g 533 Fof 3

oo et 7

Z FHASFE uprojA] L} WHoE NFEE 5
g3k A8 FH5E 1,150 rppmell A 5,000 rpm
A & 5AAR A3t ATt

77} oo} 2,

2 (ou)=0 (1)

du; 9
("” )= o, ["ef{ ot a:])]

__0p
E)x,-

— (22,82 — 2,2,x)

A7NA wE FHEE, pv S, v FEAA
A, @2 ZHExelth $FF TANNA 9
o] vpAut 5 32 3" F A oA e 99
gto g vz YA 3 7828 3(coriolis force)

& eIt GREEE BE e 2S48

—20€ 21 (2)

32 FX|aliM @ Y A=A

3.2.1 das

2 AT A= H]E T 263(m”/min, m, rpm)F 2}
TR HEEZE N A4 JF o] HAE 9
slo} B0l 9, 279} ol vl(h=h/h)et ¥
2l ¢} 3197 Alo]o] 7h=(clearance)ol] W2 A5 5
Aeg —’Ff‘@z‘f}%lt} AA5xHE AEH Iz A A
Ade] 7L A-EAF OEMelA AAsh= 447t
ol Edlol= 4= BE 6ol 8/ = A
3tz 2971 Bk webA o] & mejsiA Bl °1E
A, E79] Fol TFE AT 7| E P Al
Aejgz el Ao 7|BHo® HgH= lx}ﬂ@
1 22 Aol o3 A4 Table 13} Zo] aF it

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 3, 2004 29



Hyungseok Heo - Kyoungsuk Park - Geesoo Lee - Jongphil Won

Table 1 Basic geometry specification of impeller ol At A Yo W& AT sl A= Fig 4
N (m’/min, m,rpm) | 263 @ ;(deg)) 37 o LEhA Hlel o] Bylol= 4= 6719 ool
D, (mm) 80 @, (deg) 44 A 1/6 B g #ste] 314 Wabol] disix F

D ;(mm) 43 Ny(pm) | 4,000 7} Z7(periodic conditions)S F o, JHy &

Z() 6 Q LPM) | 215 of Belol= gl HFAE Mo Fol At

¢(mm) 2 APs4(mAq) | 13 ZulEs AASAT ol BEY ESxlol A

AA 2703 Zotel ati, Al 98y F7-& Bt

Fig. 32 Q1=e] A% Al 289 a9 7] 2 AL =Y &2 st A SToAMY B

i

£ 34hg JeRd Aol 1, Fig. 43 CFD 81412 9l 3 TLT FEo® st Ake] Aol HojA
Agd AN =ede Yehd Aotk alde) 28 FAARN Aol g AR Tt Golinke Ha
B AA W2 AS Table 20 Yehi AT 83 Aotk

208,1.0,12 2 142 sfgon, A=

AZ<Ql 4,000 pm o 2 Tt W] EAX
80T FhoZ o] UEE 971.8kg/m

A TS 352.06x10 SN- s/m? = AT

il

322 YEE ThEY AEE=
FEZ DX A HZ N s sl A=

Fig. 3 Basic geometry of impeller for CFD analysis Al o] HAF Aol WE AT A Hrle] A&
g h*70.79) B2 AR, - Imm
Table 2 Design parameter conditions for CFD analysis Z 3k sAFQ At BRE AolAL ¥
Cose i i il ot AEEze) A4 22 oY Eridew
09 08 07 sttt s14 Aate 4% AE 29 g3 Bee 4

h* h ;:21.8 mm (fixed) w2 U@ Hg=S syt
Clearance : | mm Fig. 5t 212} I = A el @ 84 =
Clearance tmm [ 2mm [ 3mm Wz Az 44 mEe el Aol AHPE
h:07 AA medol v 814 & ARt =& o 40utrjolch
AZ B A5E A% AT vag 9sta] A
Infet “P d 249 $Y% 2704 AL S
s , T 2R WS §2o 2 s PE HUFEE
g poving Wallimpelen A9 209 A ATk BT 5 4" 2
Sugtlon Side ARzro =z P om, W] BAXE AF 2

=
Pressure Side 7101 Wzbss &1 80 C oA 2 gho. g st

Periodic Surface

4, AT U

. 4.1 A= A Ao ME ds oA

] Fig. 63} Fig. 7-& = 3] 24 4,000 rpmo] A &%
: o] Wislo| W& ¢)Hle] ZF(R=40mm)ol| A 2] FY
AFCs) AGAF(Cr)el A3t g Hs3Hd

Impeller Outlet

Diffuser Outlet

Fig. 4 Computational domain for impeller CFD analysis

30 sxIESASES =28 12 M35, 2004



A Study on the Performance Prediction of Automotive Water Pump with Double Discharge Single Suction

Suction Surface  [n/et Impeller

Right side outlet

Left side outle

Volute Casing

(a)

(b
Fig. 5 Computational domain and CFD mesh for water pump
CFD analysis

ol ], &7 &o] Bl(h*)A = vl
olt}. 1714 WA} HYA G 22t
13} 2o ¢lAa) 8} 9o A o] At &}
(AP9)S} AL ZHAPDE Z 7oA 2] AHe] 3L
£2 vpro] xbels 4170 gtelth

S
r:ilo r:E ,ﬂlm

J* 2i ;&

oi71M, B 27l PSR, o= et
2ol THA
— — ©)

Fig. 63} Fig. 72| s§4 4
AAIFT frako] Z71e 48 Aasty glom, 4°
O

3
e T ke A

0.8
07 |-
= 4 5
Josp- - ¢ . o % &
¢
0.5 -
0.4 I | I I
06 0.8 10 12 1.4 16
arq,

Fig. 6 C g— @ performance characteristics at impeller

1.2

11

I
[w]
Do

0.9 — g

08 I 1 I 1 I ! l I I
06 08 1.0 12 1.4 16

Fig. 7 C r— @ performance characteristics at impeller

O
ol

of & 44 AT HAREFS T3
AFFOoR Z4E Bt & 2ol & Holal Qi)
3] 171099 7% 0.77} 0.89) BB}t A=
Wds EF vl A etz glon, A &
Eet AF-Fo 2 AFE AHdAF iMEE}
= A4S ol 7t A AA btz ok At
Aol £E5FE T AHREA AYRhE
Al Zpel7t A vehtE e Hgrchs
EoUA 7} A 5ol mX) = 4ol o Actn
F Qo &, Bylo|s I Zo|E uAFE ALE
X »E VM7 e F7 @i o] Frt
A B, B3k 7 D H o] JUAA A 2

0

SN

L

LMY

&“f

”li‘ tlo

2 o o ﬂo

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 3, 2004 31



S|8N - WA - oj7)5 - A=ET

0.8
O Clearance =1 mm
O Clearance =2 mm
¢ Clearance =3 mm
O v mome o) e
o o)
06 |- I S S Q. P
[w] !
e ‘ ,,,,,,,
© a |
o . . [} .
05 |- - S e Qg L L
¢
0.4 I | i : }
06 0.8 10 12 14 16
Q/Q,

Fig. 8 C s— @ performance characteristics at impeller

1.2
O Clearance = 1 mm
O Clearance =2 mm
11 ¢ Clearance =3 mm
o .
(o]
10
J a o
oo} ° o . 5
© ]
M-
08 -
0.7 1 J I |
06 0.8 1.0 12 1.4 16
Q/Q,

Fig. 9 C r— @ performance characteristics at impeller

WA Z7le] e A geRths &
57 BE el B 2 FFE vAE Ao e
U gl Rl

Fig. 85} Fig. 9% ¥ 3 5] 15 4,000 rpmol| Al -3
o Wstoll w2 W FTolH ) AUASCH
ALAFC Bstol @ 452 AL Jehd 2
ol .

4 Azg 2y gAesh Bz 94 7
%ﬂ&%?%ﬁ%ﬂT%ﬂ”)$E%%ﬂﬂﬂ
910w, 53] 7rFo] ImmQ) A% 1 57} Fol wf$-
amqaqﬂ%q 3 Belo| = o] w]o] upe

A The 9 BYAS) st AgAT A

32 SHIAXSKIEE=2E M12A H3S, 2004

= 27 9tk o2 7E 1Y 944 PAee) 4
$ 23] Wake AN §2 YR SEol
) BrkE A 5ol o 2 Gae made 2
2 %4 gln.

Fig 102 YEZ G5 Y YEF L) 3o W
AR Aes = dAdeEE A9 3 A% e

Hlaste] ebd Aotk o7 fEe 3, ¢ ER
79 7 FEoz e es g 452 3
= 4, 7oA Bt A2 7Y AYLS F,
F EE79 A4S H 3 gojnk

B AT A A ALk e AE 32 F

2291 3% ool A vl Z A x5 e
3] AN A= vl - 2 XS & 5 AUk A
AH o7 FFo] Frkgtel e G F5(4P )9
Fago] AlE R GE AL ghol = Yehg A
Tl A= AL kol AlE gholl vls) e Ago)
A vehbaL 8-l A= 9 A Yehde 248
Bk BAR, & FE 35 4,000 rpm, FF A
% 13 mAqell A 9] &2 A7 51 X< 215 LPM
oo R ¢ 4TS RYFAULh

Fig. 11-& f ol w}% (L )e F= A5

W AY gkt AR g Wl skel Yebd Aol

fm

x

1150 rpm (tesy

* 1150 rpm (cal)
36 0 2000 mpm (tesy
i 2000 ;pm(cai)
: O 3000 rpm (tesy
s 2 T o 3000 rpm cal)
< : * 4000 rom (test
‘> 26 R * 4000 rpm (cat)
% ; \ O 5000 rpm (tesy)
3— 20 e / ® 5000 rpm (cal))
= H e :
2 T !
3 ® L5 TN AN 2. 5
@ 4 : .
g Design pomt (13mAq) "" Ce
o 10 E 't\\ B "
2 ”\ugyw 5.
7] : t%
5 . . - P : h <
) G‘“]- AN
A foioi. ... SN ; ;
° 100 200 300 400 500 600

Flow rate [LPM]

Fig. 10 Comparison of static pressure rise between test data
and CFD analysis



ANEAE LYES THEY AHEE

% 1150 rpm (tesD)

* 1150 rpm (cal)

80 O 2000 rom (test)
® 2000 rpm (cal.)

70 F & 3000 mpm (test)
+ 3000 rpm (cal)

60 % 4000 rpm (test)
: % 4000 rpm (cal)

50 -l © 5000 rpm (test)

: ® 5000 rpm (ca!;)/

Shaft power, L, {PS]
>
o
T

il ...'-" o

O_OW R S
0 100 200 300 400 600 600 700
Flow rate [LPM]

Fig. 11 Comparison of shafi power between test data and
CFD analysis

(% 1150 rpm {test)
X 1150 ipm{cal)
0o 2000 mpm (tesy
® 2000 rpmcal)
<& 3000 rpm (tesy
b - o |+ d000mmcal)
% 4000 rpm (tesy
* 4000 rom(cal)

20 . . O 5000 rpm (tesy
® 5000 rpmcal)
.

BT
15 A e

3.0

1.0 |-

Hydraulic power, L, [PS]

e 3
PPN e S N W
[} 100 200 300 400 500 600 700
Flow rate [LPM]

Fig. 12 Comparison of hydraulic power between test data
and CFD analysis

O\
he

4714 3
Lol 3

oLn
[ <

o) &8 FHoRA tET

J{w

=2 0.
o}

L,=Tx0x0.00135962 [PS] (6)

_,,
411

where T: Torque (N - m)

w : Angular velocity( rad/s)
Zge el At gAY @ Aol 15%2] o5
#2 opa 2A vhebgeh crefuh e A ¢

He=
3% gAE 2414, 5 4,000 rpme] EEF{F 215

of i ool B3t oI

("% 1150 rpm {tesy)
1150 pm {cel)
2060 rom (tesy
2000 rom (cal)

100

90 3000 rpm (tesy)
3000 rpm (cai)
80 4000 rpm (tesy
70 4000 rpm (cal)
5000 rpm (test)

80 5600 rpm (cal})
50 :

40 -

Pump efficiency, 77[%]

30
20

10
0 i 1 i L {

0 100 200 300 400 §00 600
Flow rate [LPM]

Fig. 13 Comparison of pump efficiency between test data
and CFD analysis

LPM 3o M 8% QAR TEXe$
g B FA

Fig. 12 f 2ol ©}& +=52(L )& = 3+
W2 A g gk AL kg vl aste] vebd ol
FEEe A=t AR 3 Aol sjFsh: A2 '

thee] Ao g e 4= gl
L,=v,XdPsxQI75 [PS]

Fig. 138 3ol @2 FX 3&& 3
H2 AY g At 3k B asto]
WPz g P Y, S5 reHES
o2 Uiro] MESZ ERR Zlojth wEhx
g A% Asbe A8 3k vl & AR st 5
A 74]401 Qx7} T AA UER 7] wiEel d
= A8 gate] @27} tha ZA ekt
zeul Zh s sl ASe] gig A3 g& oM
e ALY e vlmE & AX S, BARANE
7% olile] Xk AR s B S Bl 53l
v} BE 515 4,000 rpmoll A H 1 w&2 A H
Ao A BF50% AEe] E&S BT

Fig. 143= X 375 4,000 rpmo| A o] &, ¢ &
Z79] f3aE Ve Ao 2N §3 2 &, ¢
o] &8 TF FFo vro] ELE YE
Uch o) SRS AL A A E B &
A7t AR E S Bolut HAAH o7 3% ofjol

i

~
~J
S’

£

KU
o & [
e o

e
off 4y ol [o

i

p =

M o o fu

o

G|
M
o
P

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 3, 2004 33



Hyungseok Hee » Kyoungsuk Park - Geesoo Lee - Jongphil Won

10
g o - |
s BB et
[4 L " a
Z s BN
= 7 o
- .1 " |
¥ S T U SV R
£ »n
g_ —
§ 2 L4 0 test
a u  calculation

[] H 1 1 1 I H | H 1 i, {

1690 206 240 289 320 360 400
Total flow rate [LPM]

Fig. 14 Comparison of discrepancy of flow rate between test
data and CFD analysis(4,000 rpm)

M olg w2 AT F, S EETY % A
Ay R A48 Uik AE%E Holy é.i.ﬂ
B13 mAQl M= 7% B WS gt AnE
B2k

Fig. 15%= 4,000 rpm, 215 LPMel A4 ¢} G554
NAANs Sk ‘a*Zl“d“‘uH vjeldl Aojot ¢ls
HolAle] 5, AU D AU FE BZF Bl R
25 QA B2 Q925 Y F99 Wasrt
g B Aol ot 8 oA E T EF o e
F58S & 4 Art Fig. 15(0)o) YEbd Ao
B2 2R3 ¢ W (pressure surface)o| = W E &
=71 84531 &Y Hdsuction surface)?] 4 S8
ol ehA(leading edge)dll ] 7B AFo] AA W)
o] FUH 3 H(trailing edge)oll A} oFF7F FAHE
AL ot 5= glek wat BFE Aol Eihroat) B
o i) e Beol= Aoje] HR AARA AT
A R HhAls8 o), o] whEf o] F2

ol AU 4 ek siek.

Fig. 16-& 44 31(4,000 rpm, 215 LPM)ol) A2}
FE54 §429 8 BHE FHdA e Fio]
. BEHE 28 gu S P Fastn Je
o, bl A2 ’%"5*”3}31 Sick ol ey iR

=7} st A R i
91 S N S R R R
S fel o Age SRS WAFE o3

2! G A7 A B Aolth
Ee] ALE

,/

==

s

it

@g

N' gj
.{

fr Ho
e
b
i)
2
i
H
EEL
H:t

wREdAS] 4 RES HE

4 SRMNENINH=2H MRH M35, 2004

22678006 v

20715691 (’/ 4
19847978 /
163502.64 / f
mm»‘d {
1!9646.30\S
s
By 873399

B 505600

3193569

081254
N

253697.89 |
N
22037133{ i1
eI T8
159721.22 \\
B oness \\

& sn0rone

53744.54
mm\#{:;

(¢) Relative velocity vectors(mis)
Fig. 15 Analysis results at mid surface of impeller(4,000
rpm, 213 LPM)

own Jay FTELY Je F50l
%%Ezlqmﬂﬁ @ fEuse Ase &4
st webd A B

Gt %w~“¢&ﬁ%%%§%%§%?

SEETERERDE

it

%)

2 W



A Study on the Performance Prediction of Automotive Water Pump with Double Discharge Single Suction

230039 16

213920 78

197802 39

181684 02

165565 64

101082 12
I 8497374 X,
58855 36 {

5752 L1
, .
113395 5
N
3 \
\

(c) Stream lines(m/s)
Fig. 16 Analysis results at mid surface of volute casing
(4,000 rpm, 215 LPM)

2)

3

4)

5)

6)

1)

2)

3)

4

5)

6)

2 3o =
W)= Bgue

485 2ol A
EoE

L]

% Atol9] ko) whe 4
3 mmel 397} AGAFs
PAS 2571 A ek on, 213 s
SEoluAnrks Jge o 2 9%2 v

’\]?ﬁb}—/] ﬂEH ) x]—‘ﬂ_r] 15% o-l—i
A vt A M 2] @ AF= 8% o)W
ol A 24 ] Bl & BT
EFE 5 590 A% Eol= *Miﬂ &2
dﬁ(traﬂmg edge)0ﬂ A = Aot i%{

ﬁ vaﬁmvyﬂzélﬂvm
AAGN AA EE
HYom I g8 O%

NERE

F ool 4%

J == et

flo ox g S
of
rlo

References

J. Tuzson, Centrifugal Pump Design, John
Wiley Inc., 2000.

K. C. Kim, M. S. Chon, J. E. Yun, S. K. Min,
“An Experimental Study on Engine Cooling
System Improvement,” KSAE 2000-03-2128,
2000.

S. Zoz, W. Thelen, T. Alcenius, M. Wiseman,
“Validation of Methods for Rapid Design and
Performance of Water Pumps,” SAE 2001-
01-1715, 2001.

A. Deguchi, Y. Nomoto, “Development of
Design Method for a High-Efficiency Water
Pump,” JSAE 9838688, 1998.

F. J. Wiesner, “A Review of Slip Factors for
Centrifugal Impellers,” ASME, 1967.

K. Majidi, H. E. Siekmann, “Calculation of
Secondary Flow in a Centrifugal Pump Using
3D Viscous Flow Computation Techniques,”
Proceedings of the 6th International Sympo-

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 3, 2004 35



7

SHA - LA - 0I5 - HEH

sium on Transport Phenomena and Dynamics
of Rotating Machinery, Vol.2, 1996. '

A. Kaps, H. E. Siekmann, “Numerical Flow
Analysis in a Centrifugal Pump for Optimi-
zation of the Casing with regard to Hydraulic
Efficiency and Bearing Forces,” Proceedings of
the 6th International Symposium on Transport
Phenomena and Dynamics of Rotating Machi-

36 SEXSXAITES =28 M12A H3S, 2004

8)

nery, Vol.2, 1996.

E. Torbergsen, M. F. White, “Numerical and
Experimental Study of Impeller/Diffuser Inter-
actions in Centrifugal Pumps,” Proceedings of
the 8th International Symposium on Transport
Phenomena and Dynamics of Rotating Machi-
nery, 1998.



