Theory of turbo machinery /
Turbomaskinernas teori

Dixon, chapter 7
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And to thy speed add wings.
(MILTON, Paradise Lost.)
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Centrifugal Pumps, Fans and Compressors

e What do radiral machines look like?
e Swept wings or not?

e Slip (deviation).

e Example.

Material adopted from:

e Alvarez, Energiteknik
e KSB: Selecting centrifugal pumps

LTH / Kraftverksteknik / JK




Centrifugal Pumps, Fans and Compressors

Specific speed:

Dimensionless flow to head ratio so that D is
eliminated.
Values of flow and head at max efficiency

()

(1)

High head Medium head Low head Mixed flow

impeller impeller impeller impeller
Ng up to 25 up to 40 up to 70 up to 160

1/2
1

NQl/Z

s~ 3/4

WV,

(gH )3/4

Axial flow
propeller

140 to 400 rpm
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Centrifugal Pumps, Fans and Compressors
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Three examples of characteristic curves for pumps of differing specific
speeds. a: radial impeller, n, = 20; b: mixed flow impeller, N, = 80; c: axial
flow impeller, n, = 200.
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Centrifugal Pumps, Fans and Compressors

Pump characteristics

A
Steep characteristic curve « H/Q characteristics
Flat characteristic curve normally stable (the
T developed head falls as the
S tg ! fl t '
8 5 — H ow rate Q in-creases)
<
L]
= - . .
Unstable Qsteep For low spemﬂg speeds, the
region head H may — in the low
< Qqat - flow range — drop as the
- flow rate decreases(shown
Flow rate Q by the dash line)

Steep, flat or unstable characteristic curve .
« This may cause problems

in some applications
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SpECifi C Speed (from Japixe-Baines)

y7ITR-1
Work Input
—f- h _ |
) P - |
i ‘st— e .
. v |
. |
1 = Az Fropslsr 3 = Mgning Screw Fropelisr 1 = kel Pow For |
e
- E
e £
T ) -4 "
————— = —=
— HEo N =
~ ..TT.I'II.:.:-::_-.,__, 2\ o
&« Mgl Flow Compresase 5 - Wines-Tlow Compressor b = HoSol Fine Cormpressnd ] g
! [
o i L
F | o
} ] i O
1 i L3
i ] 1 F w 4 1
AT . ' - | &
; L—— b f \ v | I
i - i
¥ = Rpdiz Fioe Comoeggior o |
wity Rpturn Cronng B - Rectn Compramser B = Lywhalm (Grrem) Compresace |
- —
s g
| | 0.01 "/4' t
—_— 1 001 010 10
P y
- — i&-"_
B s
b o FLOW COEFFICIENT, ¢ = 0, /U, [n/4)y
50 = Yoned Comoresser il = Becgeocating Compressor

LTH / Kraftverksteknik / JK -



Centrifugal Pumps, Fans and Compressors

Types:

* Axial, mixed and radial flow direction
« Shrouded or unshrouded

Closed {shrouded) mixed flow impeller *)

By &

Open (unshrouded) mixed flow impeller

Qﬁ/ Shrouded impellers

Axial flow propeller
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Main components

* Impeller:
» 2D, 3D, Backsweep?
* Axial inlet, radial inlet
» Diffuser:
- Vaneless, Vaned (Vane type)?
* Diffuser ratio

U 18

Pipe diffuser
Airfoil diffuser

...... diffuser
g
| \
Impeller EYN

axial inlet
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Centrifugal Pumps, Fans and Compressors
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FIG. 7.2. Radial-flow pump and velocity triangles.
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Centrifugal Pumps, Fans and Compressors

FIG. 7.1. Centrifugal
compressor stage and velocity
diagrams at impeller entry and

\ exit.
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Centrifugal Pumps, Fans and Compressors
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Wx =gH :Uz’Cez_U1'C91 :[Cm =0]=U2-C92
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Centrifugal Pumps, Fans and Compressors

FIG. 7.3. Mollier diagram for the
complete centrifugal compressor
stage.
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Centrifugal Pumps, Fans and Compressors

Crz2 = C22 — C;Z Right triangle '32\ Cr,
2 W, Co
Crz2 = W22 —(U2 — Cez) Left triangle !
=
U ~
2 t——
Setting them equal: Cez
2 2 a2 2 2 W,
Ry
Solving for U ,C,, Us
o +US —w

U,Cy, = U,C,; the same way

2
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Centrifugal Pumps, Fans and Compressors

= GH =U, Gy Uy = 2 (62~ )+ (U7 ~UZ) - (wé )|

Change in dynamic pressure  Change In static
pressure

Reaction:

change in static pressure (UF-UZ)—(wi —w?)
total pressure change (3 —c7)+(U7 -U7)—(w; —w?)

R —
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Example

Compare 2 pumps at

1. Same inlet velocity, radially directed: ¢, =0, ¢, =¢,
2. Constant radial velocity: c,=c,,
3. Same speed of rotation and same inner and outer diameter

Consequences

1. Work: gH :Uz "Cp2 _Ul Co = [Cel = O] :Uz *Cy2
2. Change in dynamic pressure:

88, =2 (6 -0) = 2(0h )= 25
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Example

The total pressure rise AP, =pgH =p-U,-C,,

The ratio of the dynamic and total pressure drop becomes:

AP, ,Ong _ Gy,

APt ) 2/0U2 *Coo B 2U2 132\ Cr,

At a fixed C, : - ' >
] ] 2

large S will decrease the dynamic part of the Cy

pressure rise
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Backward swept
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Slip

c,, reduced = gH decreases
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Centrifugal Pumps, Fans and Compressors

A
Y

f5" Is the vane angle

fs is the average
relative flow angle

FIG. 7.7. Actual and hypothetical velocity diagrams at exit from an
impeller with back swept vanes.
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Centrifugal Pumps, Fans and Compressors

Stodola: A relative eddy with angular velocity Q=U,/r,

() - ()
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FIG. 7.8. (a) Relative eddy without any throughflow. (b) Relative flow at
impeller exit (throughflow added to relative eddy).
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Centrifugal Pumps, Fans and Compressors

 Slip velocity is the product
of the relative eddy and the
radius of a circle which can
be inscribed within the
channel

Cos = Clez —Cpp = Qd/Z

e With Z being the number of
vanes:

FIG. 7.9. Flow model for d = (27zr2/Z)cos B,
Stodola slip factor.
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Example (same assumptions as before)

Head- Volume characteristics ’32\ Cr,

Q= A2 "Cry |

where A, Is the exit area of the impeller U =

Co2

gH

gH =U, -c,,

Cp =U, —C, tan B, =U, —Qtan 5,/ A, U B, =0
2

Combining these equations: B >0

gH :Uz'(Uz_Qtanﬂz/Az) - Q

LTH / Kraftverksteknik / JK



L_osses:

a-b: Slip (finite number of vanes)
b-c: Friction o« Q°

c-d: Other losses from 3d flows

d” Instable region
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Operating point
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Pipe Fflow friction factor
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Table 3: Approximate average roughness height k (absolute rough- AMOAAA N { A ﬂ
ness) for pipes k

¢

Pipe material Condition of pipe interior 1m 510 50 100 500 1000 5000 10%
Steel new, seamless skin *
acid-cleaned
galvanized
longitudin-  skin r
ally welded, Dbituminized
galvanized m
cemented .
rivered P

used, moderately rusty
slight incrustation H
heavy incrustation
|

after cleaning

Asbestos cement new I
Heavy clay (drainage) | new e
Concrete new, unfinished s
with smooth finish
Spun concrete new, unfinished m
with smooth finish
Reinforced concrete new, with smooth finish :
All concretes used, with smooth finish —
Metal pipes drawn
Glass, plastic =
Rubber tubing new, not embrittled m
Wood new
after long exposure to water
Masonry .

kinmm —= 0.001 0.005 0.01 0.05 0.1 0.5

[y
o
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