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Rotodynamic Pumps
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Rotodynamic Pumps
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Q = Volume Flow Rate

H = Pump Head

_2 —2

|, 2 I R
H= +a +2Z, + o +Z

o) 224 oF¢) 124

P = Pressure, P = Fluid Density
g = Gravitational Acceleration
V = Velocity, OL = Kinetic Energy Correction (=~ 1)

Z = Elevation

State 2 (Discharge)

State 1 (Suction)
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AN WSV D Centrifugal Pump Performance Curve
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W_ = Hydraulic Power
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h w
|—e> W
W =pgQH —)
@ Motor
Pump
W_ = Mechanical Power
W, =T T
2TTN
T = Torque, M = Angular Velocity = ——
W
60 _ "n
N, =
Wm
W_ = Electrical Power
© w
—_m
V = Voltage, | = Current, cosO = Power Factor Nn = W
e

W_=Vlcos0 (single phase)

e

W= V3 VicosO (three phase)
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A1 Net Positive Suction Head (NPSH) AaAlTATIIFALANNAY
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735 38.58
a0 47.39
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1.6 LFULA9IVDITUL (System Curve)
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TOTAL PRESSURE, kPa

ALY UniinaIasnitsdl Performance Curve a93UfiaNLTITaY 1750 RPM 2114
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Aa9N1EN Full Load

Assume T =90% (constant)

Wh,F =P gQH. =Q, APF
= (6 L/s) X (135 kPa)

=

= 0.81kW

A89IN TN Throttle

Wor =P 9Q; Hy =Q; APT
= (4,5L/s)X (150 kPa) [>
= 0.675 kW

Wm,F — Wh,F /nF We,F — Wm,F /nm
= (0.81 kW) /(0.665) [> = (1.218 kW) /(0.90)
=1.218 kKW =1.353 kW

Wm,T — VVh,T /nT We,T - Wm,T /T]m

=(0.675 kW) /(0.67) E> = (1.007 kW) /(0.90)

=1.007 kW =1.119 kW
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Pump Laws
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Q. N 6
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210
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& 150 b :l [ <,\ L
i N """-’4( / 60%
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3 120 oD YA / ’ \\,55%
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60 ] <[ 15w

ST RN0.5 T
Mo ' 067kW T
09 1 2 3 4 5 6 7 8 9 10
CAPACITY, L/s
2
Ap, (N , AP, = 0.563 (135 kPa)
=| — | =075 =0.563
Ap. (N = 75.94 kPa
3

w., o (N ; W, , = 0.422 (0.81kW)

L= Y| =075 =0422 [>
w o N = 0.342 kW

w,, =Q, Ap,

= (4.5L/s) X (75.94 kPa)

= 0.342 kW
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faenlan VSD

Wm \Y - VVh,V /nV We,V — VVm,V /T]m
W, , = 0.342 kW [> = (0.342 kW) /(0.65) [> = (0.526 kW) /(0.90)
= 0.526 kW = 0.584 kW

fad N sznea be

=W_. —W_, =1.119 —0.584 kW

e,save

W = 0.535 kW

e,save
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0N 2: Cooling Tower

2.1 NNIULUITHAVRY Cooling Tower
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Condenser lagandansszavadinaan lUu19§u (Evaporative Cooling)
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 Mechanical draft * Cross flow
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2.2 N394 Vad Cooling Tower

Exit Air, RH — 1

Hot Water ﬂ ﬂ ﬂ
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Makeup
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Inlet Air ~ — ~

—
/‘ l\ Cold Water
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THot Water In

Range

TCoId Water Out

Approach

TWB Inlet Air

:?ﬁi
g1

a

lunmingud Twe maammﬂm’nﬂﬁauﬁuqmﬁﬂuw
@%ﬂq@ﬁﬁ’muﬁuaﬂﬁ

Range ’%:"fuf‘ﬁl Heat Load 283 Cooling Tower
Taovinlufendszanm 5-9°C

Approach ﬁlzfuﬁ'ﬂammuwaﬂ Cooling Tower
ﬁ%’mmﬂ%ag‘ﬁ'ﬂi:mm 2-6°C

ﬂ’]iL‘V‘\l;sJ"}m’m Cooling Tower 8141308% Approach
ot LL@iQm‘i'm”@@Taalﬂ?]'ca‘”ﬂmol,mwgmam?
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43°C
38°C Range = 6°C
Range =6 C X 37°C
' o)
A 32C Approach = 9°C
Approach = 4°C
Y ° o
28°C Y 25°c

Full Speed Fan Low Speed Fan




4 V/ Y/ YA

COLD WATER TEMPERATLIRE, "C

B Cooling Tower ta3aswitslgauny

. \A3a9vniindu 120 Ton, faamlna
P09 TEUNEANNTE 22.8 Lis $AIN

" Range U84 Cooling Tower L¥inNy 6°C

@ A
TEMPERATURE RANGE. * maldanmeaniauani 30°C, RH 50%

=) a g/ 3 ai .
ﬁ]aﬂizmumqmﬁgumwu‘n Cooling

Tower ¥in'l@WazAN Approach

] =
117107 " . ;
ﬁ ? / VUE slsulpmrgr; ] 37N Psychrometric Chart
L~ ] HOT WATER, - 32.5°C
" / COLD WATERS 27.5°C
P A / WETBULE, : 24°C
BT = i T_,=30°C, RH=50% T,s=22°C
C | oe o [ Toe
5 4 / :

e
" ,r”'j:/" 910 Cooling Tower Performance Chart
..-'3/ E'f
/ E
. —nno0 —Qo0 — o
T,,=22°C, Range=6°C [ ) T, =26.5°C
5|:| 5 10 15 20 25

WET-BULB TEMPERATURE, °C

Approach = 26.5 — 22 = 4.5°C
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ANBIUSNITAAAI Cooling Tower NEINRADFNTTOUS

2o

SONONONMNANNNNNN

RECIRCULATIOM

////////él




]
1

!

/L V/ /Ay 4

Pl

2.3 msmqumm & &ﬂiﬂi%ﬂ??ﬁ%‘]’]%

1) mM3tdenide/daniasuad Cooling Tower

= daumﬂ%muqmwu Manual WINZIHIULRZRZAIN
m PAIAA NN LA AEIN

2) MInuqunaax Cooling Tower wuuida/da
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3.1 NI avianay

MIsiaYianauLUUATY (Direct Return)

Water Supply . TNV AINIDNH
> W) 1 1 W)

* * * I lnaaudazan luinn
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lisuaaluisazluas
Load Load Load Load o o 5
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4 4 { * (Balancing) luudazlnas

Water Return
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NYsavianauLULEaw (Reverse Return)
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CWS
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I Valves
- — ( __________
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! Three-Way
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3.3 Expansion Tank

Expansion Tank ﬁ'mﬁ']ﬁt,ﬁuq@ET’]@SGm']m”maﬁzuufl@ AR
U Aa éj Q/ Q/ 6V i 1 g/ 1 1 a v g/
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Pe=FPy *p,gh Py =Fg* p,oh Fy=Py—pugn
A. CLOSED TANK AIRS B. OPEN TANK C. DIAPHRAGM TANK
WATER INTERFACE

Expansion Tank U3ztAnend g
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" Juszuuidaledaddl Expansion Tank

- mm%"aumaoﬁ’lLﬁugﬂﬁaaaﬂvlﬂﬁ Evaporator 92+ Chiller
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Expansion Tank

@ @ CWS)

Pump \l \L(

Chiller 1] [Chiller 2 AHU AHU
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Secondary \L(

Pump

Chiller 1] [Chiller 2
AHU AHU

Common Pipe

Primary Pump CWR
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CWS
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Secondary ‘L(

Chiller 1

Pump

Chiller 2

A,P AHU AHU

Common Pipe

Primary Pump CWR
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SINAUNTIE VSD 7 Secondary Pump
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SINAUNTIE VSD 1 Primary Pump
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