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Centrifugal Water Chiller



Fluid Machine Characteristic
System Characteristic

Energy (head) is put into the system fluid by the
fluid machine in the form of velocity and pressure.

Energy (head) is removed from the system fluid by friction 
in the piping or duct work.
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FLUID SYSTEM CHARACTERISTICS
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If the full set of equations for fluid machine,

Energy Balance - First Law
Mass balance - continuity equation
Equations of motion F=mass x acceleration 

are non-dimensionalized 6 dimensionless parameters result.

If the machine variables are changes so that 5 of
these dimensionless parameters remain constant, the
6th parameter will also remain constant.

In the operation of a pump or fan Mach Number, and 
Specific Heat Ratio remain constant and Reynolds Number 
changes very little.

If the Specific Speed and Specific Diameter of a fluid
machine remain the same even though rotational speed, head
and flow many change, the same efficiency will be achieved.
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1)  Similar geometry+Constant Specific Speed and Specific Diameter = Same Efficiency

2)  Each machine type has an optimum Specific Speed for maximum efficiency.

PUMP SPECIFIC SPEED SPECIFIC DIAMETER DIAGRAM
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Construct the head flow characteristics for each 
flow path and the over all characteristic.
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A 3-zone heating system uses 
hot water passing through  the piping 
network shown. The heater increases
water temperature 20 F.  All pipes are 
copper type L.

a) What is the total head added by the pump?
b)  Assuming a pump efficiency of 45%, 

what size electric motor should be used?
C)  What is the heat flow rate into the water?

p

2 3

451

Circuits  l eq, ft  D,in  Q, gpm 
5-1-p-2   40        2.5      60
2-4          70        1.5      20
2-3          55        2.0      40
3-4          65        1.5      20          
3-5          60        1.5      20
4-5          50        2.0      40

20 gpm 20 gpm

20 gpm
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A system has 100 radiative heaters with
a maximum capacity of 10,000 BTU/hr each. 
Circulating water enters at 200 F and returns
at 180 F.  The heaters are all connected in 

a reverse-return circuit, making all pipe runs 
equal. The equivalent length is 420 ft 
including all losses for valves, fittings and bends.
The building specification requires that the 
piping systems be sized such that the pressure
drop per equivalent foot of pipe is between .25 in
and .65 in water. Curves for 3 possible pumps to
supply the water to the system are given.  Select
the best pump for the job and determine the 
required pipe size for a) a 1mm BTU/ hr system 
and a .3 mm BTU/hr system

Head
Pump Number

Gpm     1      2     1
10       5.3   8.8   13.3
20       5.5   9.0   13.4
30       5.5   9.1   13.4
40       5.4   8.9   13.3
50       5.2   8.7   13.1
60       4.9   8.4   12.7
70       4.5   8.0   12.3
80       3.9   7.4   11.8
90       3.3   6.8   11.1
100      2.5   5.8   10.0
110      1.4   4.3     8.3
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DESIGN CRITERIA
4 ft/sec less than 2 in diameter
4 ft/100 ft greater than 2 in diameter
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LOSS  HEAD
K=6.1

Leq=86 ft
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sec 8
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PIPE FITTINGS

Gate Valve
D, nominal 2 2.5 3
K, Fig 10-22a 8 8 8
f t, friction factor 0.019 0.018 0.018
K 0.152 0.144 0.144
L eq, Fig 10-22b, ft 1.4 1.8 2
Elbow
D, nominal 2 2.5 3
K, Fig 10-22a 30 30 30
f t, friction factor 0.019 0.018 0.018
K 0.57 0.54 0.54



Section 1 2 (a) 3 4 5 6 7 (b) 8( c)
Q, gpm 120 50 90 120 120 70 40 30

Criteria 4ft/100 4 ft/sec 4 ft/sec 4 ft/100 4 ft/100 4 ft/sec 4 ft/sec 4 ft/sec
D nominal, in 3.00 2.00 2.50 3.00 3.00 2.50 2.00 2.00
loss, l f, ft/100ft 3.27 1.75 4.90 3.27 3.27 3.16 2.88 1.74
Pipe Length 15.00 28.00 10.00 35.00 18.00 10.00 18.00 28.00
Equivalent Length
Elbows 16.00 5.00 16.00 5.00
Gate Valve 1.40 2.00 1.40 1.40
Through Tee 4.00 8.00 5.30 8.60 3.50
Branch Tee 12.00 24.00 12.00
Total L eq 31.00 50.40 18.00 56.30 20.00 18.60 43.40 49.90
loss, l f 1.01 0.88 0.88 1.84 0.65 0.59 1.25 0.87
Coil loss 10.00 12.00 15.00
Orrifice Loss 6.00 6.00 6.00
Cooler 20.00
Total loss 1.01 16.88 0.88 1.84 20.65 0.59 19.25 21.87

Sections  2 (a), 7 (b) and 8( C) arein parallel.  use the highest head loss, section 8 ( C)
Total Head required= 1+3+4+5+6+8 46.84297

1

2 (a)

3

4

5

6

7 (b)8 ( c)

Problem 10-23
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