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A Study on the Performance Characteristics of the 2 — D Centrifugal Turbomachinery

M. S. Choi - C. S. Kim - Y. H. Lee
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Abstract

The design technique of turbo pumps has been developed due to an increasing demand from
related industrial fields. But infant stage of turbomachinery in the domestic industry needs
more fundamental design method. Among various types of pumps, centrifugal pump was cho-
sen because of its wide industrial application.

It is difficult to decide the correct specification of centrifugal impeller, because of its complex
flow analysis at the inlet, passage and outlet. This study is limited on the impeller blade design
and its related performance analysis.

Flow fields in a centrifugal impeller of logarithmic blades with a sharp leading edge are anal-
ysed by adopting a 2nd - order accuracy vortex panel method assuming that the flow is two
dimensional, steady, incompressible, inviscid and irrotational. The velocity field and the pres-
sure distributions are examined for various flow rates, outlet angles and blade numbers. The

head coefficient and the flow coefficient characteristics are also discussed.
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Fig. 2 Two - Circular Arc Blade
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Table 1 Caculation Condition

Impeller inlet radius r,=60mm
7 Impeller oulet radius ry=100mm
7 Blallé llllet angle B,=21°
| Blade oulet angle ) B3,=35°
mBlade number V Z=6 |
| Blade thicknéss i 3mm o
Blade breadth V 15mm
7 Flow rate at mal( efﬁmencyr @Q=0.256m"/min |
Dimensionless flow coefficient ¢=0.216
Speed ' N=200rpm
0.6 T T T T

0.4 +

Pressure Coefficient Cp
o ©
(e N
] T

|
o
NS}
T

—0.4 F

-0.6

Cir. arc & Log. blade
B1=21° By =35°
flow coeff.=0.216
r\/r2=O.6

=6

J Suction side

® :Cir. blade
A :Log.blode

1 ). I !

0.5

(296)

0.6 07 0.8 0.3

Fig. 4 C» Comparison



47

NO Of BLADE= 6 NO OF BLADE= 8

FLOW COEFF.=0.2161 FLOW COEFF.=0.218

NO OF BLADE= 6 . NO OF BLADE= &

FLOW COEFF.=0,2161 X FLOW COEFF.=0.216%

sl stk MM e BEHFEAH Aolatue Ardo R v AEgs Kol gl
Aol g3 2 sl e] o 3] H(pre - rotation)& o} gk, 9o
TA Sl ok g, o F gl S d st v . % &
o 7y st Th B Aol A g v Lald g gty g elel gbeE A5t
E o 187eln Hl 5w 67olth Hd A 2] vl Elo] A Yol =
FE(386DX2)E o] &ate] of 3EA wo] Akl t}.

e gk webA, B Aol A Al dA Fig. 5= £ & 2U3tollA Aol S ¥

»

7] BEZ Holm glovt Ao vsst A
o 7HHeA 4 EAE 7E T 9 ®olz glr}. Fig. 6, Fig. 7 4 Fig. 8& 8,=21",

Fig4¥E z=6, 3,=21", B,=35", ¢=0.2169] %= B,=35"c| A ejguisle whE FEEAHS Holx
Astell A 19 5 ) B Ao A A3 A E e Qouh GASE Bk Holx odth 28y, 9t
o] o) M AHAFEEE e 195 Fule e 7t B E4E A ZA vehtL A
w3 fEAANE g EHCOE a2 2e < 47 Ut} Fig9e o] 24 $-d 2loja oH
ok 2N YEde] B, HEW dFE Aol gt By 2 Holn vt AAH ez {57

(297)



48 SR PRSI S B, 18 E 3, 1994

NO OF BLADE= 5 NO OF BLADE=~ 5

FLOW COEFF.=0.2161

FLOW COEFF.=0.2161

NO OF BLADE= 4

FLOW COEFF.=0.2161 7 FLOW COEFF.=0.2161
E .

=2 z d , 4 .
o E2e FMUFAY &S FYstnz o5 Fig. 112 2=6, 3, =30" | M U g o] &7}
7t 2N 5 FY A ok % jFH I B # o] Wigle] W& gt A SR ELE Hojq ) Lnt
g Aoz Bzt o g HEv|Ae] dsdd 7t & 4
Fig. 102 z=6, B, =21°, B,=385"¢] 271 3}o) A o)A E A& 9o Fpzhmoln, B ol oAk o]
FgA A 93 qAFEEE YEATH of &k odgke] A Vetvba ok &, 44w
AFBLFE FEo] gasi, Jalafeo] o4y AErs grevn Fewatele) ghel At gtot
A Y FUH tEHAF At o g AA Ve Aogr 48 & de dddol Fage 29
vk gl 39 A el = skEASIE dasi, 5 v fterh 3 A Selle AR s A e
3], W] dAFANA FH sk G e F Ao, o A folli= FuvtelAe] G4 b
yaoolk A AR e AN EEH A et Qlste] Ahul o] Ak alo] &7t Hr
Mo} FHEG AAY & A e fFAd 25 Fig.1200 A A g% o]t oJdlefo] FAL /&
T wel g o &4l F48 Frtstn 9l a8 & A Ft FEAse] HAE AR, T
o meld, Y EEE tad vee Ao 4 Zhapdwlel ol SovE gle WA E oo W

(298)



22H9 HA4A B E7IA 9

0.6 T T . y
" Logarithmic blade 1
B1=21° 8, =35°
0.4 + flowcoeff.=0.216 ]
r/ra=0.6
a 02
O
€
[ 5 -
9
T 00 F
O
)
; L
[
P
& 02+t
-0.4 r Az=6 ]
®:z2=5
L -
-0.6 . L L .

0.5 0.6 0.7 0.8 0.9 1.0
r//rZ
Fig. 9 C, with Different Blade Numbers

Kamimotool ¢]%l Busemann2] 2z} ©

Fiﬂl
2

}‘\—]:
A%E 02, 2 AFANE 9o TAE ZE 1
Aol 23 B o] hRADY L ol Gate] 70
x9e £8S HE) 458 FAANANES

O dehla dn & A ¥el e A

FE 13 JdHele ¢z
]0}—1— 2

Feel A9 dledPe da

Y5540 BE AT a9

0.6 T T T T

Logarithmic blade T

By =21°% 8y =35°
0.4 + blade number z=6 _
r/r=0.6

o
[N
T

Pressure Coefficient Cp
o
(@)
T

: A &
e &
-0.2 - 8
- .
weew

L Suctionside

~0.4 ® :flow coeff.=0.1728
A :flow coeff.=0.2160

L | :flow coeff.=0.2592 |

_O~6 1 1 1 1

0.5 0.6 0.7 0.8 0.9 1.0
r/r2

Fig. 10 C, with Different Flow Coefficients

U ols #8929 FAE TR g2A @
3, el e g oz A%
P75 BuT 4 FEr 4257 e e
2 Bojxth e, 2ol o5 fakel 23
L5t 3t 8 4% P ¥ F3IHE 37

ol d7ANES
2 ag 4 A9

D 239 B27)A ddeie) o Yl Aol
ool YEFAE 2 Aol gAY
S AAE S A A Sk

2) 23k8l YA g elol ShEHdE S A E3te] o

Fotod cheat e AE



50 SEEAG A RS AR, H18E A 39K, 1994
0.6 T T T T
- Logarithmic blade ]
By=30°
0.4 | blade number z=6 "
r/r2=0.6 \ !
0.2 + "_—
S 1
o L »
= /
e
Y 00 -
(@)
3
5 L -
1)
[}
ht A
Q“ - . .
—0.2 =" Suctionside
I e - B =25° ]
-0.4 1 2
A p=30
L | B=50" B
__06 L 1 1 1
0.5 0.6 0.7 0.8 0.9 1.0
r/ro
Fig. 11 C» by Qutlet Angles
1.0 T T T T T T T T T T T
| ©: Komimoto's Cal. |
A: Experiment
E O: Present Cal. i
f 0.5 R
2 J
- i
Logarithmic Blade N
i 2=6, B=30*, r/ry=0.6, N=200 rpm .
L 1
00 1 1 1 01-1 ] 1 O-Iz 1 1 o

Flow Coefficient

Fig. 12 Experimental and Theoretical Head ver-
sus Flow Characteristics

AE, A%, fBAS 4B Aol FEAN L
Baheich,

(300)

1.0 T T T T T T T T T T T
.
L D 7=
:z=6
b :z=5
:z=4
=
Y
2 e
= e
[ A
8 -~
© 05 P
© ~
o
@ L
T
Logerithmic Blade
B=30°, r1/ry=0.6, N=200 rpm
0 | VUSRS TN G S SN S
0 0.1 0.2 0.3

Flow Coefficient

Fig.13 Theoretical Head versus Flow Character-

istics

3 oledHe fRE7ll B Al HEHe
2 Fastn, 95 el vet PP S
o 4 ek,

9 BRI A5HE Adl ShRADYS ol
g3tol qlelo) o5 2 oz 7hA g el
o a3 fHFBAS Folah 2 4 Ak,

5) £ Ao WG IAY JUAPEE o}
Fod s Al QAHL, HE7), $E)
o] (E7A 712 A F&aHA o1& F# U

Ao w diech

o2

D 2&4 9 29, F4714, HE=M, pp. 1-83
(1981).

2) M ASBEMCE e, B EME GRS, pp. 69 -
77(1986).

3) Hu g &, 239 e A d5ErtE A
Vortex Panel'jo #3l 13, 3t==a)) oFh & ol &
9 =54, Vol. 12, pp. 257 - 271(1990).

4) AU, e old g, 280 BEvAle] 9leel e
g 4 E deEdel e A, OHH‘»‘UME—}
3, FATEdEUAs] 224, pp. 1 -8(1994).

5) ol B F, (el )0l &2, G P%t &,
pp. 136 - 170(1986).

6) T I, S < MATHRE N Ok, HAEEE e
§162 % Fi45%%, pp. 84 - 92(1959).

7 & FKEMHER 2 -Frr 7, AARTERN



8)

9)

10)
11)

12)

224 A4 A HEIAE

pp. 22 - 25(1991).

KRR AR B VP2 A, iR, WA EISE, pp.
15 - 18(1990).

AR KE, Ao N8 L RS, BYEE, pp.
260 - 306(1968).

7+, FA 71 A, B4 &34 pp .36 - 74(1992)
RS, KR, B RR K &it, pp. 124 -
165(1973).

ST YL 2A, SV IV EBAE Y T RHOR
BE, pp. 9 - 91(1985).

(301)

&

ok

=
o

m
ne)

3ol a7 51

13) B RAEME 7 2A, MM RBIEZ1GESND, + -
L jit, pp. 34 - 40(1979).

Igor J. Karassik et.al., Pump Handbook,
Mcgraw - Hill, pp. 2.2 - 2.15(1976).
HRIM, H &4 019 F, 23 HRI[AANMY 47
Hdy HE, d@riA 929 % ATt
=E3(1), pp. 208 - 211(1992).
HA &4 ,019 5, 22t HEZAA 2] &
A W g Be AT, dRet s BeH A, Vol
17 No. 2, pp. 44 - 51(1993).

14)

15)

16)



