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Pool scrubbing, filtered ventilation system, suppression pool, sparger

L/
000

Test data analysis
v" Void fraction, bubble and liquid velocity: comparable with published results?
v Bubble terminal velocity
% Conventional method vs. BUubCNN
v" BubCNN, BubGAN
Bubble measurement sensors: 4-sensor conductance probe, optical fiber probe
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PIV, fluorescent particle, high pass filter
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Zigzag motion

v' http://typo3.ims-tuhh.org/fileadmin/user_upload/PDF.pdf

v" https://www.sciencedirect.com/science/article/pii/S1385894717301286
v" https://link.springer.com/article/10.1007/s11053-019-09537-x

v" https://arxiv.org/pdf/1810.08757.pdf

% CFD simulation

v' STAR-CCM+ tutorial

v" https://onlinelibrary.wiley.com/doi/full/10.1002/eng2.12100
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o
> Function
v Add energy to the fluid
v Do work on the fluid
% Fluid : liquid

+» Cavitation

L)

v" An important design consideration
®
< Positive-displacement pumps (PDPs) |

Impeller

*» Dynamic pumps
v" Add momentum to the fluid

Expanding
area scroll

v Using fast-moving blades or vanes
v Converts its high velocity
to a pressure increase

by exiting into a diffuser section




T |
=

7
0’0

Head

v The height at which a pump can raise water up

v To buy the correct pump for your application you first have to know what total

head you need and at what flow rate.
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https://www.pumpfundamentals.com/pumpdatabase2/pump-search-help-residential.htm
https://www.pumpfundamentals.com/pumpdatabase2/pump-search-help-residential.htm

o
< Selection of a pump (for a heat transfer test facility)
v Determine the flow rate
= Heat removal : ¢ = mc,(Toyr — Tin)
= Mass flow rate : m = pQ = pvA
v Estimate the pressure drop
= Hydraulic head
= Frictional pressure loss
= Form pressure loss
v" Compare the flow rate and pressure drop

with the pump’s performance curve

> 1/ NOVAX 20 &
Frm Sear  bmma€@ey)
v — '2‘.10..3:4 ] Rv! c
0.5

-cl READ INSTRUCTIONS
goRcclE AN BEFORE START

60
10 - 400V Made in \taly

Total Head in Feet

]
i—‘ s | 1: Water storage tank
| 2: Water supply pump

"=! 4 3: Preheater
4: Test section
0 5: Heat exchanger
6: Reflux condenser
F: Flow meter
T: Thermocouple
P: Pressure transmitter
DP: Differential
pressure transmitter

2
Flow Rate in GPM
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< Pump performance curve
v" Q vs. head H, brake horsepower (bhp), and efficiency n
v" Design flow rate Q & best efficiency point (BEP)

g, 3 ] HEN | |
v0m ] | P e e | | 7 - T Sk
g _ F. .~ NPSH requirement curves)
Pslsli;ti:;lzlgcﬁ-c;:gjgc ; N‘PSH. 2 2.5 : feet of water absolute |
system loss curves Best efficiency point 200 912" | 75 - : \ 3 35 . ! _‘ . r—— E— —
e ——— (BEP) or design poin A . !
Head f e pomt o 180 9" DIA. / ‘70 2 ~N N
160 {5 12" ; 1
$ 81/2 N e Performance
T 140|g- urves
=3 ]
g 120 ? Mo
Horsepower Effect of cavitation = 100 ;
/ or gas entrainment O 80 - S
on liquid heads e l
60 - " R — - - e
Efficiency 40 - dEN SN SN ——t- B T - Y S N
- \ Brake horsepower | |
g | \ 2;) - PurT\P eff.acne_rj.cy cunﬁs) | \lcurves ) . .
Flow rate Q o 1 0 20 30 40 50 60 70 USgpm

PUMP FLOW CAPACITY




% Net positive suction head
v" On the suction side of a pump
= Low pressure — cavitation within the pump

= When the liquid pressure at a given location is reduced to the vapor
pressure of the liquid

v Vapor bubbles form — loss in efficiency + structural damage to the pump

COLLAPSING
BUBBLES

Rotation
of Impeller
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% Net positive suction head

v Head required at the pump inlet to keep the liquid from cavitating

NPSH required

Vi N T
NPSH = 4 4 L P e
Ps 28 P8

NPSH available
(calculated)

pg pg a reservoir whose free surface is
at pressure p,)

NPSH = Pa Z — hﬁ- _ Py (when pump inlet is placed at a height Zi above

>

Pump capacity Q

= Equal or greater in actual system to avoid cavitation 3/

| \
n= 1170 r/min

800

(]
700 — 3630 di 5
2' Pressure 363-in dia. i
J A T —

discharge pressure
600
T
32.in dia. N
| ‘ 00
>
— 400 —r
u bubbles collapse 28-in dia. ’ ’\
Buid vapourpressuns. .\ e I
- vv\.v 300

suction pressure

Total head, ft

o

bubbles form —~ @

200

Figure 1. Pressure gradient through a centrifugal pump experiencing cavitation: fluid enters the
pump (a); pressure drops below vapour pressure at impeller (b), pressure rises as fluid passes out to U.S. gallons per minute x 1000
discharge (d) and bubbles condense and collapse (c).
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< Net positive suction head

v Head required at the pump inlet to keep the liquid from cavitating

2

NPSH = 22 4 2L _ Py
pg 28 P8 A

. 2 5 P1 - 1
NPSH = b+ 2= Pe 2 _Iapy =

pg 28 : T . o
Q=10 m3/h. l _____ X& _____________ v
D=60 mm Q
h].: 2 m, Twatel’: 200C -€«—Pump suction—»

STEP 1: calculate the liquid vapor pressure

For water at 20c : 2339 Pa.

STEP 2 : calculate the velocity in pipe

The velocity is 10/(1m0.06%/4)= 3536 m/h = 0.98 m/s.

STEP 3 : calculate the NPSH

NPSH = 2+(101325-2339)/(9.81*998)+0.982/(2*9.81)+0=2+10.11+0.05=12.16 m
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% Net positive suction head

EXAMPLE 11.2

The 32-in pump of Fig. 11.7a is to pump 24,000 gal/min of water at 1170 r/min from a
reservoir whose surface is at 14.7 1bf/in® absolute. If head loss from reservoir to pump
inlet is 6 ft, where should the pump inlet be placed to avoid cavitation for water at
(a) 60°F, p,, = 0.26 1bf/in® absolute, SG = 1.0 and (») 200°F, po = 11.52 Ibf/in® absolute,

SG = 0.9635?
For either case read from Fig. 11.7a at 24,000 gal/min that the required NPSH is 40 ft. For this
case pg = 62.4 Ibf/ft’. From Eq. (11.20) it is necessary that
| I
n = 1170 r/min o . = Pu
800 J 50 NpsH =22 —Pv 5 hy
- 40 = Pg
NPSH =
700 — 363.in dia. E—he 2 30 & (14.7 — 0.26 Ibf/in®)(144 in%/ft?)
— C =% (= z or 40ft = 5 —Z, —6.0
— RIS & 20 62.4 1bf/ft
< 600 e
i N s or Z, =213 —40 = —12.7ft Ans. (a)
8 - g
5 g R N \I{ I N /\ \\\ K The pump must be placed at least 12.7 ft below the reservoir surface to avoid cavitation.
<
= 5%
\\ % J\%% For this case pg = 62.4(0.9635) = 60.1 Ibf/ft’. Equation (11.20) applies again with the
00 o dia. I [\L ""-\\’Jaaé%% &= higher p,:
O b N 14.7 — 11.52 Ibf/in*) (144 in*/ft"
300 ‘; % \\ 40§t < ( )3( ) Z - 6o
Jz 4 60.1 Ibf/ft
Y
200 or Z; =16 —40 = —384 1t Ans. (b)
0 4 8 12 16 20 24 28

The pump must now be placed at least 38.4 ft below the reservoir surface. These are unusually

U.S. gallons per minute x 1000
stringent conditions because a large, high-discharge pump requires a large NPSH.
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% System Characteristics and Pump Selection

v" The energy equation applied between points (1) and (2)

actual head gained by
the fluid from the

pump

v" K depends on the pipe size and lengths,
friction factors and minor loss coefficients

v" Pipe friction increase due to wall fouling.

hp =Zy — 27 +ZhL

All friction losses
and minor losses

Pump
head, &,

:Zz—Zl-l‘KQz

Change in
system equation \J

Elevation (static) head
=- 4

1

System
J~ curve

Efficiency
curve

Operating
point

Flowrate, Q

Efficiency
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< Pumps in serial and parallel

System
curve

Two pumps
System

Two pumps
pump curve

l

Head, h,
Head, h,

One pump (A)

(P)
: : {.e.} One pump

Flowrate, O Flowrate, Q
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o
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% Example

v" Water is to be pumped from one large, open tank to a second large, open tank as shown in Fig.
E12.4a. The pipe diameter throughout is 6 in. and the total length of the pipe between the pipe
entrance 6 in. and the total length of the pipe between the pipe entrance and exit is 200 ft. Minor
loss coefficients for the entrance, exit, and the elbow are shown on the figure, and the friction
factor for the pipe can be assumed constant and equal to 0.02. A certain centrifugal pump having
the performance characteristics shown in Fig. E12.4b is suggested as a good pump for this flow
system. With this pump, what would be the flowrate between the tanks? Do you think this pump
would be a good choice? pump would be a good choice?

(2) o 100

=2/
k=15 [ VY 8¢ ™ K=10 Head
10 ft Diameter of pipe = 6 in.

Pump Total pipe length = 200 ft

[0:s]
[=]

o]
o

Head, ft
Efficiency, %

(1)

=
(=]

~Efficiency

o
[
o
o

[
=

0] 400 800 1200 1600 2000 2400
Flowrate, gal/min




% Example

Application of the energy equation between the two free surfaces,
points (1) and (2) as indicated, given
K

With p,=p,=0, V,=V,=0, z,-z,=10ft, {=0.02, D=6/12ft, and ¢ =200ft

2 V2
V
PLoi, =0 +—+22+t——

hy, +
Y 2g Y 2g D 2g

2
hp=10{0,02m+(0,5+1,5+1,0)} v
(6/121t 2(32.2ft/s°)
v:%: h)=104443Q Qs in f%/s
With Q in ft¥/s N\ System equation for this

particular flow system and
reveals how much actual head
the fluid will need to gain from
the pump to maintain a certain
flowrate.

2 Eq ¢
h, =10+4.43Q° Eq. 03
With Q in gal/min

>

h, =10+2.20x107Q* Fa. (4) 7

Efficiency, %

100

o)
o
o

System curve (Eq. 4)

0 1600

Flowrate, gal/min

2400



Blower and compressor

oo OIH (o]
< YU HO
T E == F=0|&, HE3t
H = (Pump) %S AKX == 7[H|
™ (Fan) &< 71H|
=29 (Blower) & s 7| H|
2=7| (Compressor) & & 7| H|
N
oo 2' ol
HIZ (Pump) I (Fan)

g 2
L A0 23] AKX == 7[HE =<3t= FA
ER Rl —E—%Oﬂ 2[5t 7|H & Y&stn O |

7b11 E= E& 23 1000 mmAq 0|2 == 37| €&EF
Y= H[ 7t Z[T] 7% S7t=l= 71 A

H(Fan) 20t 37| €& L=H|(ZEE)7H 2
SOHAILE 2E{Q] 3| H2E = D|AE SE2F0 23
JIHE EESHL, YE =2 Y
o 2t O], £ ¥F RO E

7| A

=]

o]
= — |
Z£&0| 1 kg/ar O| 0| E|=

£ 29 (Blower) 2= 7| (Compressor)
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Blower and compressor

% As per American society of Mechanical Engineers (ASME)

v" the specific ratio-the ratio of discharge pressure over the suction

Equipment  Specific Ratio Pressure rise (mmWg)
Fans Upto 1.11 1136
Blowers 1.11t01.20 1136 — 2066

Compressors = more than 1.20

‘U BI5H01 7IMe| YS A2 EAS2H ) o)
Fani} Blower R32 ¥27|= %3 F
71de] uiHHE 2 3]t ¢te thole

*Fani} Blowers 1 @AM SYUsILE, 2adH|(Re)0l| T2} Fan £ “ @
Blower2 T£5|7| Hj2o| E¥3t ZSE H|e|stnt Fano2 -
sUsio] 22 .

< 7|H|1E 0|&3F= 71712 &5 : Fan, Blower, Compressor




Blower and compressor

< Blower performance curve

KEY PARAMETER: BLOWER OPERATING POINT

5

I
! ACTUAL

N ER PERFORMANCE CURME OPERATING POINT
X 3 |
@ TAR
E OPERATINZ PO
[ z
s N /

1 /

SYSTEM OPERATING CURVE N\
o 1 2 3 &

FLOW RATE




Flow rate control

% Invertor control
v 48 HELzRE FHE UHYOol XN oA MYt FhoeS 7HHAIF] 2H
of ssg2=2MN ZE S5 Ho5t= X
v Jeat FateS 7HHA7 BEQ] SEF Host= FX|

§ e
N !
S -
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S o N v 1
N
i . —4
SIEPSE N
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220V/380V' N eV Speis ®Melz=mpa
60Hz . %

BE{9] £& Hof

=4 T
o=l TR
@l @ ‘ @ ‘ |LLRRELL
NEEEE L

60Hz &8 F Y ZEI M| ofst IGBT 29|35 Mt
RIPPLEX{| 7| I} (S5HAPWM)
(DC Yy )




