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Positive displacement Dynamic pumps

« Reciprocating « Rotary
(piston pump) — Centrifugal pump
 Rotary — Axial flow
— Single rotor — Mixed flow

(screw pump,
peristaltic pump)
— Multiple rotor

(gear pump)

e Special

— Jet pump or ejector

— Electromagnetic pumps (liquid
metals)

— Fluid-actuated
(gas-lift, hydraulic ram)
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V2 = Vl

t — @

Casin
(D= =L % -
Impeller
Diffusor for
1 ~— Expanding pressure
area scroll recovery
? & A
SERERER
P9 29 P9 29
volumetric efficiency ([ shock loss
P, = H o
PW ,0$Q } = n= pg?_H = 4 hydraulic efficiency =< friction loss
=) ) _ . , :
’ mechanical efficiency | circulation loss
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ZM =T, =(r, x V, ), —(r; x V, )i,
= pV, 2nnb=m,, = anz 2rnb=pQ == 2

r,xV,=r\V,sn90% =rV, k ﬁ\\\‘

r,xV,=rV.Kk

Ty = PQ(r,V,, — 1V, )k

withV, = wr,V,, = wr, : T, = ,oQa)(rz2 — rlz)

assume tip velocities (u, , = wr, ,) and fluid velocities are not equal:

Power: P, = wT = pQ(u,V,, — uV,)

use continuity:

Width b ——»

an = Q ’ an = th tan al’ Vn2 = Q ’ Vn2 = Vt2 tan 0’2
27, b, 27m,b,

P, = pQ(u,V,,cota, —uV, cota,), a,=90%V, =V,
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r, =100 mm, r, =175 mm, b, = b, = 45 mm
B, =30° B, =20°

rom = 1440 (w = 2724 rad/s = 150.8 rad/s)
u, = wr, =15.1 m/s

u, = wr, = 26.4 m/s

~. . V., =u,tan30° = 8.7 m/s "
VlT \3‘07,\ Q=2mbV A =0.246 m*/s=14.8 m*/min
>
u, =15.1m/s V,, = Q . 5.0 m/s
27m,b,
Vv 5.0 m/s V,=u,-V_,cotB, =12.7 m/s
2 > (YO~ V
/b/T ZQ ~ — -1 Yn2 _ 0 — —
U, =264 ms T TET TS T e =S
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I:)W = pQuZ\/tZ

Vi, =u,=V,cotp, V,=

27m,b,
u, cot S
~ 2 2 2
Ap = pu;, = p 211 -b Q Unstable: Can cause pump surge
= B> > 90° (Forward-curved)
t B> = 90° (Radial blades)
Head
H B> < 90° (Backward-curved)
Discharge Q —
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Positive slope may be

unstable for certain

system loss curves Best efficiency point
(BEP) or design point

o ——— —

Head

Effect of cavitation
or gas entrainment
on liquid heads

Efficiency

0 o* CQmax
Flow rate Q
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V.=V, =V, =—=const.

& A Rotor

U= wrav — an(tan 0’1 + tan 131) /_> /_> /p?» /_> %Tra:
=V  (tana, + tan B3,) /[\

V,=cota, V,=u-V,cotp, o | "

Ap = pu® — puV, (cota, + cot 3,)
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available power:

P = 3L =3 AV, P = 5 A

avail max
Streamtube
passing through P
propeller C —
: " LpAVS
Pb Pa E p 1
g B Y _ 0.6 Ideal
Wind [—> V), po, Wake [—»{ Vy. p.. : Sios
" s - number
area A . os B
High-speed
HAWT
04 —
o : dcam Grumman
pb CP 03 = multiblade wind '
P ‘_% P Savonits (Fig. 11.29b) l:/a;n\;:‘s

0.1
Dutch, four-arm

Speed ratio @r/V)
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