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m Identify various types of pumps and
turbines, and understand how they work

m Apply dimensional analysis to design
new pumps or turbines that are

geometrically similar to existing pumps or
turbines

m Perform basic vector analysis of the flow
iInto and out of pumps and turbines

B Use specific speed for preliminary design
and selection of pumps and turbines
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Categories

B Pump: adds energy to

FlowEin_, Pump E_F“LWO“‘ a fluid, resulting in an
h m?/ Increase In pressure
/@'w across the pump.
Energy supplied. Eow>En @ Turbine: extracts
(@) i
energy from the fluid,
. resulting in a
Flowin _ | Turbine Elgwont decrease in pressure

E

mn out

across the turbine.

F w
Energy extracted, E < E;

(b)
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Categories

m For gases, pumps are further broken down into

B Fans: Low pressure gradient, High volume flow rate.
Examples include ceiling fans and propellers.

B Blower: Medium pressure gradient, Medium volume

flow rate. Examples include centrifugal and squirrel-
cage blowers found in furnaces, leaf blowers, and

hair dryers.
B Compressor: High pressure gradient, Low volume

flow rate. Examples include air compressors for air
tools, refrigerant compressors for refrigerators and air

conditioners.

Fan Blower Compressor
AP Low Medium High
Q High Medium Low
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Categories

m Positive-displacement machines
B Closed volume is used to squeeze or suck fluid.
B Pump: human heart
B Turbine: home water meter

B Dynamic machines

B No closed volume. Instead, rotating blades supply or extract
energy.

Enclosed/Ducted Pumps: torpedo propulsor
Open Pumps: propeller or helicopter rotor
Enclosed Turbines: hydroturbine

Open Turbines: wind turbine
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Pump Head

Introduction to Fluid Mechanics I

H Net Head
(P V2 ) (P V2 )
H=|—++=2 | =+ 5tz
pg 29 out pg 29 in

= EGLyy — EGL;,
B Water horsepower
Wwater horsepower = gH = pgQH
m Brake horsepower
bhp = Wsha it = Wlshaft
B Pump efficiency
pgQH

WTsha,ft

Npump =
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Matching a Pump to a Piping System

0 Free delivery

Introduction to Fluid Mechanics I

B Pump-performance
curves for a centrifugal
pump

B BEP: best efficiency
point

m H* bhp*, Q* correspond
to BEP

m Shutoff head: achieved
by closing outlet (Q=0)
Free delivery: no load on
system (Hrequired = O)
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Matching a Pump to a Piping System

B Steady operating
point:

A Pump performance curve

Operating
point

H

available

H'requ'i*red — Havailable

m Energy equation:

H

|
|
|
|
I
|
I
|
|
I
|
|
|
|
required :
|
|

>

BEP Q

P, — P Vi — o V7
H’r'equ'i'r'ed — hpump,u — 2pg . + 272 2g L + 29 — 21+ hL,total
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Example 1: Matching a Pump to a Piping System

m In alocal ventilation system the duct is round and is
constructed of galvanized steel. The inner diameter (ID)
of the duct is D,, = 9.06 in (0.230 m), and its total length is
L=44.0 ft (13.4 m). There are five elbows along the duct.
Roughness ¢=0.15 mm. To ensure adequate ventilation,
the minimum required Q through the duct is Q=600
cfm (ft3/min), or 0.283 m3/s at 25°C.

m A centrifugal fan with 9.0-in inlet and outlet diameters is
available. Its performance data are shown in Table.

Manufacturer's performance data for n KL in:1'3 y KL damper:1'8 y KL elbow:O'Zl

the fan of Example 14-1*

Q, cfm (8P)syy, inches H,0
0 0.90

B Predict the operating point of this local ventilation

o 000 system, and draw a plot of required and available fan
oo o pressure rise as functions of volume flow rate. Is the
1200 00 chosen fan adequate?

* Note that the pressure rise data are listed as
inches of water, even though air is the fluid. This
is common practice in the ventilation industry.
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Example 1: Matching a Pump to a Piping System

Manufacturer's performance data for
the fan of Example 14-1*

Q, cfm (8P)sy,, inches H,0

0 0.90
250 0.95
500 0.90
750 0.75

1000 0.40
1200 0.0

* Note that the pressure rise data are listed as
inches of water, even though air is the fluid. This
is common practice in the ventilation industry.
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Assumptions 1 The flow is steady. 2 The concentration of contaminants in
the air is low; the fluid properties are those of air alone. 3 The flow at the
outlet is fully developed turbulent pipe flow with « = 1.05.

Properties For air at 25°C, v = 1.562 X 10°% m?/s and p = 1.184 kg/m3.
Standard atmospheric pressure is P, = 101.3 kPa.

Pz_P1+a2V%_a|V%+(sz’)+h @3V
\_V_l_, L, total = Hr(:quier =— + hL, total

H, required =

pg 2g 2g
negligible for gases
L V2 DV _D4Q 49
L total (f D E L) 22 €=, v 7D D 2

4(0.283 m%/s)

= - = 1.00 X 10°
(1.562 X 107> m*/s)(0.230 m)

Re

From the Moody chart (or the Colebrook equation) at this Reynolds number and roughness
factor, the friction factor is f = 0.0209. The sum of all the minor loss coefficients is

Minor losses:

> K, =13+5021)+1.8=4.15 I

H:w;\ilublc

- L v?
Hrequired = | +fB + EKL i 0.8

Operating
point

; 6.81 m/s)*
- (1.05 +0.0000 124m 4.15)u

= 15.2 m of ai 206
0.230 m 2(9.81 m/s?) ot =
205
Pair 2
Hrequired&nches of water — Hreqmred. air Pusier £' 0.4 D)
1.184 kg/m [ 1in 0
= (15.2m) - s
998.0 kg/m” \0.0254 m 2

1
1
1
1
I
I
1
1
1
I
1
1
1
1
I
I
1
1
1
I
I
1
1
1
1
I
1
!

= (.709 inches of water

O FrryrrryrrorprorrroT
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Q cfm
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Example 1: Matching a Pump to a Piping System

0 We repeat the calculations at several values of volume flow rate,
and compare to the available net head of the fan in Figure. The operating
pointis at a Q=650 cfm, at which both the required and available
net head equal about 0.83 inches of water.

0 We conclude that the chosen fan is more than adequate for the job.
1

&
r=

H

available

e
o

e
~

o
o

Manufacturer's performance data for

H, inches H,O
=
h

0.4

the fan of Example 14-1*
Q cfm (8P)syy, inches H,0 0.3
0 0.90 0.2

250 0.95
500 0.90 0.1
750 0.75 ’

1000 0.40

1200 0.0 U’|||||||1|||||||r|||

0 200 400 600 800 1000
* Note that the pressure rise data are listed as Q cfm

inches of water, even though air is the fluid. This

is common practice in the ventilation industry.
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Manufacturer Performance Plot
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ﬁco* Fl & Cl Series Min. Imp. Bio. 6.75 NPSH
Size 5 X 4 X 12.75 ] g
(5]
120 L/s ? 1 |0 l|5 2|0 2I5 3|0 3|5 4|0 4|5 50 515 6]0 :L(') ;(;
i REQUIRED NPSH e 2
- S
- — 2 5
100 — —0 0
1 12.75" (241.3mm) NI
Y
T Q0 0016 186 186 a6 lag N 0 % =25 250
80 — SO0 O 8¢ e N
‘(') Fge e R 4 Na A0 \\(82\0 \\\
] N . S
E | | | Sy AN —20 ~ 200
o 1 11.25" (229mm) T
= 60 R : !
2 - A !
T Is * «
4-.9.75" (216mm) A /\)}9‘0 —15 o [ 150 3
- = F—— S M (// 3 &
IRNTiVivn ol 2 =
40 ] ~7 6\0 ) E 2
1 825" (203mm) E. o Z
| [~y : —10 - 100 =
] 675"(11\1 l l) 2 E
1 6. ‘ /
’ VLA <% =
20 s,
] o % s - 50
i .{»h/ )
Curves based on clear water 3w
| with specific gravity of 1.0 4
0 T T T T | T T T T | T T T T | T T T T l T T T T I T T T T ] T T T T | T T T T I T T T T | T T 1] T 0 - 0
0 100 200 300 400 500 600 700 800 900 1000

Flow in gallons per minute

Introduction to Fluid Mechanics Il Turbomachinery




Pump Cavitation and NPSH

Cavitation Cavitation
bubbles collapse bubbles form

Pressure
side
; 2 Impeller
% blade

No cavitation Cavitation

Head

NPSH
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m Cavitation should be avoided due
to erosion damage and noise.

m Cavitation occurs when P <P,
B Net positive suction head

P 2 P,
NPSH = (— + V—) -~
P9 2-9 pump nlet P9

B NPSH, g CUIves are created
through systematic testing over a
range of flow rates Q.
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Dynamic Pumps

B Dynamic Pumps include
B centrifugal pumps: fluid enters
ﬁw axially, and is discharged
. radially.
y B mixed--flow pumps: fluid enters
axially, and leaves at an angle
_’S@= """"" ) between radially and axially.
o B axial pumps: fluid enters and
P o leaves axially.

2 Impeller hub
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Centrifugal Pumps

m Snail--shaped scroll

B Most common type of
pump: homes, autos,
Industry.
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Centrifugal Pumps

Out
Impeller
shroud Vouts
b 24

Side view Frontal view
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Centrifugal Pumps: Blade Design

—Backward
— Forward
- - Radial

o -y,
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Centrifugal Pumps: Blade Design

VZ, t 4 V.
V2 / 2, relative

V2, n> & /f e
ok B>

Scroll

————
— ~

Side view of impeller blade. ~ Vector analysis of leading
and trailing edges.
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Axial Pumps

Open vs. Ducted Axial Pumps
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Open Axial Pumps

Blades generate thrust like wing
generates lift.
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R R T A A A A
Wind wf/’wind

. . \
direction \_

Ll9=(l)r

Propeller has radial twist to take into
account for angular velocity (=or)
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Dimensional Analysis

m I1 analysis gives 3 new nondimensional

parameters

B Head coefficient Cu = %=
B Capacity coefficient  Cg = —53
B Power coefficient Cp = p£3%5

B Reynolds number also appears, but in terms of
angular rotation
pwD?
B Reynolds number Re = "
m Functional relation Is
B Head coefficient Cu = f(Cq, Re,€/D)
Cp = f(Co, Re, ¢/D)

Turbomachinery

B Power coefficient
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Dimensional Analysis

m If two pumps are
geometrically similar, and

B The independent IT's are

similar, i1.e.,
CQ’A : CQ’B
Re, = Reg

ExlD ) = &/Dg

B Then the dependent IT's
will be the same
Cua=Cup
Con=Cpp
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Dimensional Analysis

® When plotted in
nondimensional form, all
curves of a family of
geometrically similar
pumps collapse onto one
set of nondimensional
pump performance
curves

B Note: Reynolds number
and roughness can often
be neglected,

n = Pfhgpﬂ = C%fH = f(Cq) Cu =~ f(Cq),Cp =~ f(Cgq)

Introduction to Fluid Mechanics Il Turbomachinery




Pump Specific Speed

NSp, Eur
0.02 0.05 0.1 0.2 0.5 1
7 | | L L T T 1
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0.6 — ; I
: Nspus | :
= 1 1
0.5 | T T T 1711 ] T T T T
0.1 0.2 0.5 1 2 ) 10

Nsp
Pump Specific Speed is used to characterize the operation of a
pump at BEP and is useful for preliminary pump selection.

cy? Q1/2
. Q __
NSP — o3/4 T (L;H)B/zl
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Affinity Laws

m For two homologous states A and B, we can use
IT variables to develop ratios (similarity rules,
affinity laws, scaling laws).

Qs  ws (D)’ bhpp  pB (WB)3 (DB)S
Co,a=Cq,B :>Q;4 wA (DA) na i bhpa  pa \wa Dy
Hp wWB ? Dp ?
Cua=Cup=> —— =|— .
mA= B g, (wA) (DA>

m Useful to scale from model to prototype

m Useful to understand parameter changes, e.g.,
doubling pump speed.

Introduction to Fluid Mechanics Il Turbomachinery




Example 2: Affinity Laws

m If we want to double the rotational speed of a
pump, by approximately what factor will the
motor power need to be increased? And how the
total head would change? _

bhpp _ PB (w3)3(%)5
bhpa  pa \wa D4 12?

bhp, (@, ) 10
0, =2w,;Dy =D, p,=p,=|=Ps _| P | _gl -
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Example 3: Affinity Laws

B We have a water pump which its impeller diameter is D, =6.0 cm,
and its performance data when operating at o, =180.6 rad/s are
shown in the following table. We want to design a new product, H, cm (or n, %) bhp, W

namely a larger pump (pump B) that will be used to pump liquid 200 t 1 o
refrigerant R-134a at room temperature. The pump is to be .
designed such that its best efficiency point occurs as close as 180 3 —9
possible to a volume flow rate of Qg = 2400 cm?/s and at a net 160 — — 8
head of Hg = 450 cm (of R-134a). 140 3 5
_ _ 120 — — 6
B Use the pump scaling laws to determine  Manufacturer's performance data for 00 1° S
. . t ti t1725 - N
if a geometrically scaled-up pump could [ """ © 70 S0E .
be designed and built to meet the given 80 — : —4
. o ] pump
requirements. (a) Plot the performance Q.cm®s H, cm Toumpr % 60 — —3
curves of pump A in dimensionless form, 199 180 32 40 3 5
_ _ o _ 200 185 54 ]
and identify the best efficiency point. (b) 300 175 70 ]
- , 400 170 79 20— — 1
Calculate the required pump diameter 500 150 a1 . : .
Dg, rotational speed oy , and brake 388 gi gg R N
horsepower bhpg for pump B. 0 200 Q i?l?gh 600800

* Net head is in centimeters of water.
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Example 3: Affinity Laws

B Assumptions: 1) The new pump can be manufactured so as to be geometrically similar to the existing
pump. 2) Both liquids (water and R-134a) are incompressible. 3) Both pumps operate under steady
conditions.

Properties: At room temperature (20°C), pyaer=998.0 kg/m3, pr_134, =1226 kg/m3.
Analysis: The best efficiency point (BEP) is around Q=500 cm?/s and the bhp, at this point is:

3 2 3
bhp, = Puser 9Q:H 5 _ (998.0 kg/m®)(9.81 m/s*)(500 cm*/s)(150 cm)( 1m J( W.s ]: 9.07\W

0.81 100cm )\ kg.m/s®

_Q _ 500em's  _o.e . o _OH _ (9.81m/s”)(1.50m)
° oD’ (180.6rad/s)(6.0cm)’ ’ " ©’D’ (180.6 rad/s)(0.06m)’

2 1.6 7
c.- btlp - 9.07W 3 S(kg.m/s j:o.ooms o
pa’D® (998 kyg/m*)(180.6 rad/s)’(0.06m)" | W.s .

77pump|A

=0.125

. Cyy % 10
1.2 f

These calculations are repeated at values of Q, between 100 and 700 cm?3/s. =
Assuming the BEP is exactly at C’',=0.0128 but the true value differs slightly anc o+~

Mpump

is C,=0.0112. 06
va y , va 04
2ct 0.0024m*/s) (0.125 4/
DB = ?BZCH = ( 5 ) (2 ) =01m 2 1 L-mmmmmTTT - Cp X 100
(C3) oM, (0.0128)" (9.81m/s? ) (4.50m) 0 F

0 0.5 1 1.5 2
Q; 0.0024 m*/s ] « 35 3 5

0, =—B —187.5radls;  bhp. =Cp.&°D° =0.00198(1226)(187.5)°(0.1)’ =160W
° (c5)D: (0.0128)(0.1mY’ Pa = %rlas (1226)(187.5) (0.1)
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