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Engineers Updat

System Design Options

Coil response to decreased entering
water temperature

A coil is a simple heat exchanger. To deliver the same sensible and
latent capacity when supplied with colder water, the coil’s controls
respond by reducing the flow rate of the water passing through it.
Because the amount of water decreases while the amount of heat
exchanged remains constant, the leaving water temperature
increases. Thus, by supplying colder water to the coils, a low-flow
system can be applied to an existing building. In a retrofit
application, it is wise to reselect the coil, using the manufacturer’s
selection program, at a new chilled-water temperature to ensure
its performance will meet the requirements. One possible concern
of low supply-water temperatures is the ability of the valve to
control flow properly at low-load conditions. A properly-sized valve
with good range can work well in low-flow systems. In existing
systems, valves may need to be replaced if they cannot operate
with the new range of flows, but the coils do not need to be
replaced.

Example of coil reselection at colder temperature/reduced
flow rate

Water temperatures and flow rates are variables. They should be

selected to achieve an efficient and flexible water distribution system.

Consider the following example of a six-row coil in an existing air

handling unit. Table 9 shows an example of selecting a chilled-water

cooling coil in a 13,000-cfm (6.1-m3/s) VAV air-handling unit. The
left-hand column shows the performance of this coil when it is

selected with a 44°F [6.7°(C] entering fAuid temperature and a 10°F

[5.6°C] fluid temperature rise (AT). To provide the required 525 MBh

[154 kW] of cooling capacity, the coil requires 105 gpm [6.6 L/s] of
water,

The right-hand column shows the performance of same coil, but in

this case it is selected with 40°F [4.4°C] entering fluid and a 15.6°F

[8.7°C] AT. To provide the equivalent capacity, the coil requires only
67.2 gpm [4.2 L/s] of water.

If coil performance data is not available from the original manufacturer,
its performance could be approximated using current selection programs
and known details about the coil, such as fins per foot, number of rows,
tube diameter, etc. Some designers use the following approximation
instead. For each 1.5 to 2.5°F [0.8°C to 1.4°(C] the water temperature
entering the coil is reduced, the coil returns the water 1°F [0.6°C]
warmer and gives approximately the same sensible and total capacities.
This is a rough approximation and a coil’s actual performance depends
on its design.

Table 9. Impact of supply temperature and flow rate on cooling coil selection

“"Low flow"
system design

“Conventional”
system design

Coil face area, ft< [m<] 29.01 [2.69] 29.01 [2.69]
Face velocity, fpm [m/s) 448 [2.3] 448 [2.3]
Coil rows 6 rows 6 rows
Fin spacing, fins/ft [fins/m] BS [279] 85 [279]
Total cooling capacity, MBh [kKW] 525 [154] 525 [154]
Entering fluid temperature, °F [°C] 44 [6.7] 40 [4.4]
Leaving fluid temperature, *F [*C] 54 [12.2] 55.6 [13.1]
Fluid AT, °F [*C] 10 [5.8] 15.6 [8.7]
Fluid flow rate, gpm [L/s] 105 [6.8] 67.2 [4.2]
Fluid pressure drop, ft H20 [kPa] 14.0 [41.8] 6.3 [18.8]

By lowering the entering fluid temperature, this coil can deliver
the same cooling capacity with 36% less flow, at less than half
of the fluid pressure drop, with no impact on the airside system.

Cooling-tower options with low flow

Smaller tower

Like coils, cooling towers are heat exchangers—although often
misunderstood heat exchangers. The tower exchanges heat
between the entering (warmest) water temperature and the
ambient wet-bulb temperature. Therefore, in a new system or
when a cooling tower is replaced, a low-flow system design
allows a smaller, more efficient cooling tower to be selected.
How is this possible?

Keep in mind that a cooling tower is not limited to a specific
tonnage. A cooling tower is a heat exchanger that exchanges
heat between the entering water temperature and the ambient
wet bulb. By varying the flow or the temperature, the tower
capacity can be changed —often increased.

Since the amount of heat to be rejected, Q, is approximately the
same in standard-rating-condition and low-flow systems, we can
estimate the heat exchange area necessary to reject the heat:
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Q=UxAl xAT1, where

A = area,

U = coefficient of heat transfer, and
AT = temperature difference

so, for a roughly equivalent heat rejection,

Ux AT xATT=U x A2 x AT2

and for a constant coefficient of heat transfer,
Al x AT1 = A2 x AT2

Using standard rating conditions, the temperature
difference between tower entering temperature and
ambient wet bulb, ATT1 is

AT1=942-78=16.2 °For[34.6 -25.6=9.0 °(C]
while at typical low-flow conditions, AT2 is
AT2=991-78=21.1°For[37.3-25.6=11.7 °(]
Therefore:

Al x16.2=A2x21.10rA2=0.77 Al

So, the tower would theoretically need only 77% of the heat
exchange area to achieve the same heat rejection capacity, simply
by reducing the flow rate from 3.0 gpm/ton [0.054 L/s/kW] to
2.0 gpm/ton [0.036 L/s/kW]. The heat exchange capacity can be
altered by changing the surface area or airflow, or some
combination f the two. A cooling-tower manufacturer’s selection
program can give the exact size and power requirements. In the
example previously summarized on pages 30-32, both the cooling-
tower size and airflow (hence, required fan power) were reduced.

Same tower, smaller approach

Another option is to use the same cooling tower at a lower flow rate.

In a new system, this is a design decision, but in an existing system,
it is often a constraint that the tower cannot be changed. Given the
same heat-rejection load, the low-flow system allows the cooling
tower to return colder water; that is, the tower's approach to the
ambient wet-bulb temperature decreases. In the previous example
of 450 tons [1580 kW], the same cooling tower would have resulted
in a leaving tower-water temperature of 83.5°F [28.6°C] instead of
the 85°F [29.4°(C] with the smaller cooling tower. It is important to
realize that the entering temperature for the tower would be
approximately 97.6°F [36.4°C]. Therefore, the effect of reduced
flow rate on chiller energy consumption is partially offset by the
lower leaving tower-water temperature. The system would use less
pump energy at the lower flow conditions.

Table 10. Same tower, smaller approach

Same tower,

Presant smaller
approach
Capacity, tons 450 [1,580] 450 [1,580]
[W refrigeration]
Approach, °F [*C] 7 [3.8] 5.5 [3]
Flow rate, gpm [L/s] 1350 [85.2] 900 [56.8]
Cooling tower
Entering temperature, “F ["'C) 94.3 [34.6] 97.6 [36.4]
Leaving temperature, °F [*C] 85 [29.4] 83.5 [28.6]
Ambient wet-bulb 78 [25.6] 78 [25.6]

temperature, °F ["C]

Same tower, larger chiller

One retrofit option that benefits many building owners is
installing a new, larger chiller selected for a lower flow rating
and re-using the existing cooling tower, condenser-water pump,
and condenser-water pipes. In many cases, this allows the
building owner to increase the chilled-water-system capacity
for an expansion, with a limited budget. An example can easily
demonstrate this.

A hospital presently has a 450-ton [1,580-kW refrigeration]
chiller that needs to be replaced. The condenser water flow is
1,350 gpm [85.2 L/s]. The present cooling-tower selection
conditions are summarized in Table 11. Recently, the cooling-
tower fill was replaced. The tower, condenser water piping, and
pump are in good condition. The hospital is planning an addition
with 50 percent more load for a total of 675 tons [2,370 kW].
Must the hospital replace the condenser water system? The
answer is “no”, as long as the chiller is selected properly.

How is this possible? As long as the new chiller’s condenser-water
pressure drop is at or below that of the present chiller, the same
amount of water can still be pumped. With the same flow rate, a
675-ton [2,370-kW] chiller may be selected with a condenser-
water-temperature rise of approximately 15°F [8.3°C]. Using

the cooling-tower manufacturer’s selection software, the same
cooling tower can be selected at the elevated temperature
difference. As shown in Figure 22, the new selection point

will be:

-entering water temperature: 103°F [39.4°(]

-leaving water temperature: 88°F [31.1°(C]
-ambient wet bulb: 78°F [25.6°(C]
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Table 11. Retrofit capacity changes

Larger
Present chiller,
same tower

Capacity, tons 450 [1,580] 675 [2,370]
[kW refrigeration]

Flow rate, gpm [L/s] 1350 [85.2] 1,350 [85.2]
Cooling tower

Entering temperature, °F [*C] 94.3 [34.6] 103 [39.4]

Leaving temperature, °F ["C] 85 [29.4] 88 [31.1]
Ambient wet-bulb 78 [25.6] 78 [25.6]

temperature, °F ["C]

It quickly becomes evident that the same cooling tower and flow rate are adequate
to reject more heat—in this case, approximately 50 percent more heat.

Figure 22. Cooling tower re-selection with different chiller capacities

90 L Reselected tower for 50% more
heat rejection with 15°F [8.3°C]
range

8h L

80

Original design point
for tower with 10°F
[5.6°C] range

75

70

Cooling Tower Water Temperature (°F)

@) Design Point (original)
(V) Design Point (new)

65 | L ] | I
55 60 65 70 75 80
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to be continued...
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