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Abstract

This dudy is fousad on the pafamence preddion and desgn o a
aatrifugd punp with gatimum sepe Desgn and adyss d oatrifugd  punps rdy
on expaience d desgna due to mary flud medhanicd and geadricd vaiddes In
this dudy, a desgn mahod wes devdoped with expaimatd fadas and adysd
by conpaisn with 2nd-ada vatex pend mahod. Inpdle is the nod inpatat
conpanat dfeding the pafamance d the catrifugd punp. The predaed tad
heed for three cases o which dedgns wae ddenined by this methad, ayess well
with a patiada commadd punp. This dudy shows the idaday pafamence o
an adimd punp Shgpe can be datainad through the atametic desgn rautine,
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Nomenclature

volute angle

width of impeller
width of volute
absolute velocity
diameter of impeller
diameter of base circle
Young's modulus
acceleration of gravity
total pump head [m]
theoretical pump head
Euler head

height of pump
capacity constant
speed constant

volute constant

rotational speed [rpm]

specific speed [m*/min, rpm, m]

flow rate [m*/ min]

thickness of blade

peripheral velocity of impeller

volume

meridian velocity of impeller



w : relative velocity

Z : number of blade

greek letters

B : angle of blade

€ limit : guide value of diameter ratio
n : total efficiency

nn : hydraulic efficiency
nm : mechanical efficiency
n. : volumetric efficiency
6 ; angle of impeller

K : slip factor

A : accelerating ratio

9 : coefficient of viscosity
Y : boss ratio

p ; density
subscript

1 ; inlet of impeller

2 outlet of impeller

3 base circle of volute
b boss

d delivery side of pump

i : inside of impeller
m : meridian component

0 : outside of impeller



suction side of pump

peripheral component
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2.1
2.1.1
(absolute velocity)
(relative velocity)
(peripheral velocity) : 2
c w u
(Slip factor, Vane
efficiency) : :
Fig. 2.1
(2.1) : 82
Hu
He (2.2)
(2.3) @,



Fig. 2.1 Velocity triangle of centrifugal pump
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chEW = El(cuz' Up- Cyr Uy)
-1 -1 Cm2
Heo= =5 Cugllz =~ Ua(Uz- = a)
<=
H
™ H,
0 z
Cm
Cm
(24) (2.4b)
Cm2 (253.)
(2.5b) (Capacity coefficient)

(2.1a)

(2.1b)

(2.2)

(2.3)

(r.6,z)

c=c(r, z)

Cu

Cm

Cu B (r, z)

(Head coefficient)



H = Pt X —g (248.)
gH v fy . (Cmal Uy
(7= e x {1 ta;&”} (2.4b)
¢E(—9u'*7) (2.5a)
Cm2
o= u, ) (2.5b)
() ,
¢ U
, g, P, u (2.6)
Buckingham (2.7)
3 (2.8) ®)
f(n,Q,gH,D,0,1) =0 (2.6)
”15%1 Ty = L;! T3 = % (27)
(gH) *D? (gH) *
Fo(my,m,ms) =0 (2.8)
(2.9)
(2.10)
_ Q C_ nD
= (gH)llzDz’ T, = (gH)l/z (29)
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Folr,, m' )=0 (2.10)

Ng= Ny/ S:_ 1
D,= D,/ 5::2 . 2.11), (2.12)
n91/2
Ns= L (2.11)
14
D, = =0 (2.12)
(2.11) (2.12) (Specific speed),

(Specific diameter)
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2.12

Fig. 2.2

Stepanoff
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Design Process
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Fig. 2.2 Calculation procedure of design software
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2.13

. Fig. 23 Stepanoff
Ku20,
Ku2m U2o U2m (213)
d20
dznm (2.14) . (2.15)
. Cm2 b. (2.16)
z (2.17)  Stepanoff Pfeiderer
. Fig. 24 flow
chart
Up = K o0V 2gH (2.13a)
u2m: K u2m?V 29H (213b)
_ 60uy,
dpo= — = (2.14a)
_ 60u,,
Aoy = —— (2.14b)
Crmo = K oV 2gH (2.15)
_ Vv
bz_ (ﬂ'dZm' ZSUZ)CmZ (216)
2P ) (2.17a)
s Jdat dy
S torn ul
k=6.0 6.5 (2.17b)
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Fig. 2.3 Constant of impeller
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Fig. 2.4 Decision of outlet standard
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2.14

(dy/dy), (dy/dop) . Stepanoff
(2.19)

Cim (2.20) . (221

ds dio

25 flow chart

K mi1= lelV 29H
K m2 = CmZ/V 29H

dlo: (d10/d20)d20

- 17 -

(2.18)

(dyof/dy)

(2.22)

(2.18a)
(2.18b)

(2.19)

(2.20)

(2.21a)

(2.21b)

(2.22)

Fig.
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Fig. 2.5 Decision of inlet standard
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2.15

Cu 200 (2.23) Ho
(2.24)
- Cm2 223
Cuzm_ Uom - tanBZm ( . )
H. = u2mgcu2m (224)
Stodola Wiesner
Stodola . Cuze  Cuz (2.25)
. Wiesner (2.26)
, (dl/d2)<€ lim (2.260) (dl/d2)>€ lim (2.26d)
(2.26f)
(2.27) (2.28) . (2.29)
. N , N »=0.80 0.90
Stodola W eisner
Fig. 26  flow
chart
A= Uy (2.253)
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H th Cu2 1- Uom

X: = — =
Hm Cuzeo Cuzeo

ACy= Uyn(1l- 0)

_ 1
Elim = 8.165sin 4,
XPS———
& 7}
v sin 3,
o= 1- 0.7

wsin 3,

z

i .~ €lim
_ sin 3, d, 3

Cuz= Cypeo= Upm(1- 0)

x= Cc; -1 %(1- o) = 1- ¢—1m(1- 9)
¢eo= Heol ((Upn°/9)
Hy = Cu2Uom _ {Cuzeo = Uppn(1l- 0)}Usy
9 9
H= 7H4
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(2.26a)

(2.26b)

(2.26¢)
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(2.26¢)
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(2.27)

(2.28)

(2.29)
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Fig. 2.6 Head check
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2.16
(230)  (2.32)

Fig. 2.7
A®) ds
. Fig. 2.8
. s Stepanoff
Archimedes
K,= c,/V2gH (2.30)
A©)= 55 () (2.31)
o= 0 (2.32)
2
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Fig. 2.7 Constant of volute
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Fig. 2.8 Standard of volute
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2.2

221 1

ds, B 1, d, B
(2.33)

o dp”- dy° (2.33)
~ 4(d,cosf3,- d;cosp,) '

1
1 Fig. 2.9
(9).
(1) B I P
(2) o8 Z(81+ B2) C
(3) BC C A
4 P (2.36) B A
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Fig. 2.9 ConstructioL of one arc blade
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222 2

(2.34) (2.35)

(2.35)
(2.36)

(236) R, ra, B 1, l.IJl

(2.34)
Fig. 2.10
B e
1
. _l r22_ r22
27 2 r,cosfB,- r,coSf3¢
R,> d,sin 3,

2
@e = 360° /z(= 2x/2)

¢= (@ + B) - B¢

2R,%(1- cosP)= rp?+ r,%- 2rer,cosor

rFZZerFCOSB‘F R12: r12+ Rlz'

2r,R,cos 3,
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(2.35)

(2.36a)
(2.36b)
(2.36¢)

(2.36d)

le,



Fig. 2.10 Construction of two arc blade
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2.2.3

_ bl
rli= 3

r2=v (sy2 - yol)2+ (xs2 - xl)2

r3=v %32+ (3/3- db/ 2)>
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. Fig. 2.11 3
(2.37)
(2.37a)
(2.37b)
(2.37c)
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Fig. 2.11 Construction of shroud
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b3: (15 20)b2

b3: 20b2
b3: 16b2

0.2

(6)(8)(9)
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a a u°
Fig. 2.12
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Fig. 2.12 Construction of volute
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(Donath)
Fig. 2.13

0z

(2.38a)

(2.39) (2.40)

_d . v 2.2
dr(rcfr) Og+ ga)r 0
(0 vo) - (14)( 6 6,)= 0

C +
G, = C1+r_22' Sty v 20
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(2.39)

. o,

(2.38b)

(2.38a)

(2.38b)

(2.39a)

(2.39b)

(2.39¢)

(2.39d)



(2.40a)

(2.40b)

(2.40c)

(2.40c)



(@) division of shroud

o
+— dr
dr ar d

dr s

'\:___________..—— R ——

(b) centrifugal force and stress

Fig. 2.13 Schematic of shroud



(241)

(1) Fig. 2.14
) 1
c, C,
3) 1
(4) 2
5) 3), 4)

(2) 0 01, dbﬁl
(242)
G, , 0, , 0, (243)
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(2.41a)

(2.41b)

(2.41c)

(2.41d)

n

b
Opy O@;

b
0oy Op

b
Opy Op



0n=1,0=0, M;=0, P,=0, w=0 (242a)

6,=0, 0p=1, M;=0, P,=0, w=0 (242b)

oam= 0, 021:01 M;=M,;, P;=Py, w=w (2420)

SN W ol L5 (2.43a)

rl g1 r g1 27[rn+1hn r .
6P, .

0‘?1- oot 0‘? : 0‘21: - m G? (2.43b)

- 37 -



4

Fig. 2.14 n divided disk
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2.3

(Vortex panel method)

. Fig. 2.15
m
Qs (Source) :
w NB
m ,
2 (v ) : , km
J Y k |
(in, yki) (2-44)
9= &m(x oY)
2 2 [ smtan GRS s,
©, Sim) (2.44)
(2 -44) 7(Skmj) (2 .45)
Y(Skm) = Zkm ¥ (Zim(+ 1" 7ka) Ska (2-45)
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Fig. 2.15 Replacement of panel on a blade
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23.1

= @ W+ xr

W= ¢ -wxr

(2.46)
(2.47)

n- W=n- @ -n- wxr

(2.48)

(—a%)- 714 Sin () = 0

(2.44) (2.48)

()

NB

km=1 j=

(2.46)

m Simi ) o
2 2 [ {ONLK, L km )7 i
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Kutta

(2.46a)

(2.46b)

(2.47)

(2.48)

(v )
(2.49)



= CN2(k,|,km,J)’}"km(J+ 1)}: ARHSkl

Ykm(+ 1) = Ykm(j+ 1) 1271

[Kutta ]
Kutta
(1)
(2)
(3)
(2.50)

Yimt Ykmm+y =0

(249) mx NB 4

NBx (m+ 1)
JZO AN(ig,j1)7 (j1) = ARHS(iy)

i;(k=1..NB,i= 1..m+ 1)
ji(km= 1..NB,j= 1L..m+ 1)

(2.51) AN(injy) (ki)
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SV kmp = Ykmi 270 @

Kutta
(251)

(2.49)

Kutta

(2.50)

(2.50)

(251)



(km,j) 7 kmi

(251) 7 ki
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2.3.2

(2.46) (254)
t- W =t- @ -t- wxr (252)
t- W = (Tat%)‘l'rki(o COST «i (2.53)
(252) (2.53) : (253) (2.49)
(254)

VT (X400 Vi) = () €08 0+ 5 (o Sin i) + GA T(K, LML) 7 i
GAT: (2.54)
(254)
k [
(2.55)
_ Pxi- Pt _ 1 k2. N2
CPy= — T = 2[( ) (VTk.)] (2.55)
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2.3.3

m

1
I'= 2_2(7kmj+ Yimi+ 1) Skmj

=1
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(circulation)r

(2.56)

(257)



case

. case2

0.035m°/ min,

casel

. Table 1
. casel
4m, 2600rpm
. case3 case2
case 36

Table 1 Calculation result

Fig. 3.1
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casel case? case3

005 005 0035 m’/min
2600 2600 2000 rpm
29 2.8 26 mm
'9) 649 5 mm
22 59 310 °
42 25 225 °
6.3 54 51 mm
42 32 43 mm
8 8 8

3./ 5.78 342 m

L ayout



Fig. 3.7

2600rpm, 4m

64.9mm

19.6mm

. Fig. 32 Fig. 34 case2
. Fig. 35
case2
0.035 m°/min,
ns 1719
. Fig. 3.8(a)
. Fig. 3.8(b) 73.8mm
16

73.8mm
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Calbls
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Fig. 3.1 Layout of centrifugal pump design program
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Fig. 3.2 Calculation of specific speed
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Fig. 3.3 Calculation of inlet/outlet standard
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Inifial Dats Input

FELEE I END I 2FIE FEAUUCH
E&s) I1.E‘E- ‘ Apphy Bela? Hovision

INLET & OUTLET ANGLES RESULT
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= Prany Pl = ‘

E |J Close

Fig. 3.4 Calculation of inlet/outlet width
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Fig. 3.5 Velocity triangle of
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Enpaler Dasign
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Fig. 3.6 Drawing of impeller and shroud
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Waldle Design
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Fig. 3.7 Drawing of volute casing
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Fig. 3.8 Calculation of Shroud Stress



Fig. 39 Fig. 3.11 casel case3
. case2 / casel
casel
. casel, case2, case3

case2, case3

casel case2
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casel



Fig. 3.9 Grid generation of casel
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Fig. 3.10 Grid generation of case2
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Fig. 3.11 Grid generation of case3
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Fig 3.12
19
casel

case2

Fig. 3.13 Fig. 3.15

Fig. 3.16 Fig. 3.18

36
case2

casel

casel, case?2, case3

casel, case2, case3
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casel
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Fig. 3.12 Pressure coefficient of blade

- 61 -



Bt e

\'\.
Sn o
.

Fig. 3.13 Velocity distributon of casel
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Fig. 3.14 Velocity distributon of case2
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Fig. 3.15 Velocity distributon of case3
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Fig. 3.16 Pressure distribution of casel
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0.368341
0.334442
0.269542
0.264643
0.229744
0.194844
0.158945
0.125045
0.0901456
0.0552462
0.0203467
-0.0145528
-0.0494522
-0.0843517
-0.119251
-0.154151
-0.18905
-0.22395
-0.258849



0.380975
0.346075
0.309824
0.276276
0.241377
0.206477
0.183211
0.153487
0.134804
0.104836
0.0901456
0.0668792
0.0376565
0.0203467
-0.0261858
-0.0727185
-0.119251
-0.165784
-0.212316
-0.258849

Fig. 3.17 Pressure distribution of case2
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-0.0261858
-0.0843517
-0.142517
-0.200683
-0.258849

Fig. 3.18 Pressure distribution of case3
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