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‘CVHH’ Trane Water
Cooled Chiller

Selecting Cooling Towers
for Efficiency (Cont.)
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‘CVHH’ TRANE
WATER COOLED

CHILLER
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Technology leadership

Evaporator

Reduce pressure, Reduce cavitation / noise, ASME friendly
construction lower cost.

Purge Layout Differences

Purge
Rotated purge unit 90 degree on the shell to improve man-
ufacturing and field service access. Adjusting expansion
valve temperature setting to -4 °F to reduce potential of
false pump outs.




Condenser discharge baffle design

CFD modeling identified 20% increase in vapor velocity
over CTV.
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Oil/motor cooling system

Supply oil to bearings at minimum flow = 10.6 GPM

Oil: Mineral oil (OIL22)

Refrigerant cooling system: Supply cooling fluid to motor.

Refrigerant source: Liquid refrigerant pulled from con-
denser sump.

CVHH Compressor Comparison

Condenser drain
Design to minimize unit charge.

Condenser (Internal)

Liquid Flow into

Piping \

Curved Condenser
Discharge Hood,
Improved flow and
potentially
improve sound

Purge Vapor
Pickup

Purge Liquid
Return

Flow to Refrigerant
Pump

Compressor

Semi hermetic direct drive 2 and 3 stage centrifugal

Refrigerant R123

ER2 = R1233zd(E)

Bearing 1 duplex set of angular contact bearings, Hydrodynamic thrust bearing and
Arrangement 1 radial hydrodynamic bearing journal bearings
mpeller RPM 2280 - 3600 (60H2)

3000 (50Hz)

Construction (5x safety factor).

Grey cast iron. 15 psig design pressure

Grey cast iron. 50 psig design pressure
(5x safety factor).

Unloading

Moveable inlet and interstage guide vanes

Motor

2-pole synchronous induction motor

Motor Cooling

Pump fed liquid ref cond-to-cond, stator & annulus rotor air gap.

Major Castings: Loctite
Joints

Economizer & Qil Drain: gasket

Suction & Discharge Connections: o-ring

Major Castings: Loctite w/capture grooves.
All gaskets eliminated by loctite and

o-rings Connections o-ring
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Selecting cooling towers for efficiency (continued)

Selecting cooling towers for efficiency:

Range or approach? coninved)

Opportunity to engineer

Now, we come to the fun part of the
design process ... the opportunity to
exercise a bit of engineering judgment.
There is a thermodynamic price to
pay when the cooling tower range is
increased. That penalty occurs at the
chiller. We can pay that price now by
specifying a more efficient chiller, or
we can pay it later by allowing the
increased cooling tower range to dimin-
ish chiller COP. The following example
illustrates this concept.

Alternative 1: Base design.

cooling tower,

9.4°F range
85°F
2400 gpm
condenser water (3.0 gpm/ton)

pump, 40 hp

94.4°F

2

S entrifugal chiller,

~ 800 tons
6.18 COP

1920 gpm

cooling coil
(2.4 gpmiton) "

L

A middle school in Tennessee requires
a chilled water system with 800 tons
of cooling capacity (Alternative 1
schematic). To meet the specification,
the engineer has proposed an 800-ton
centrifugal chiller; the unit under con-
sideration was selected at ARI condi-
tions and is the lowest cost centrifugal
machine that complies with ASHRAE
Standard 90.1's minimum efficiencies.
Pressure drops through the evapo-
rator and condenser do not exceed
25 ft. The engineer also proposed a
two-cell, cooling tower with two 20-hp,
variable-speed fan motors. The tower’s
cross-flow design was selected for its
reliability, ease of maintenance, and
low height.

The tower selection is based on a range
of 9.4°F and a flow rate of 2400 gpm,
which is provided by a 40-hp condenser
water pump. With the help of energy
modeling software, the engineer esti-
mates annual energy consumption as
follows:

ANNUAL ENERGY USE

cooling tower range 9.4°F
centrifugal chiller 259,776 kWh
cooling tower 66,911
condenser water pump 85,769

TOTAL CONSUMPTION 412,456 kWh

Alternative 2: Wider range, smaller
tower.

cooling tower,
(2) 20 hp fans 14°F range
85°F
1600 gpm
condenser water (2.0 gpm/ton)

pump, 20 hp

1920 gpm
(2.4 gpmy/ton)

Lo

Increasing the cooling tower range can
provide several benefits, including qui-
eter operation, a smaller footprint, low-
er capital investment, and less energy
use. The design team first investigated
the capital cost savings of increasing
the cooling tower range to 14°F (Al-
ternative 2 schematic). In addition to
reducing the initial cost of the cooling
tower by 13 percent, it also reduced
the tower footprint by 25 percent and
its weight by 23 percent.

“Having your cake and eating it, too.”
In most cases larger ATs and the as-
sociated lower flow rates will not only
save installation cost, but will usually
save energy over the course of the year.
This is especially true if a portion of the
first cost savings is reinvested in more
efficient chillers. With the same cost
chillers, at worst, the annual operating
cost with the lower flows will be about
equal to “standard” flows but still at a
lower first cost.

[From CoolingTools Chilled Water Plant Design
Guide, Pacific Gas and Electric (PG&E), <http://
www.hvacexchange.com/cooltools/>]

Another benefit of increasing the tower
range from 9.4°F to 14°F is the drop
in condenser flow rate from 2400 gpm
to 1600 gpm. The corresponding re-
ductions in pressure drop decreased
the required pump power from 40.16
bhp to 15.89 bhp, even though the
condenser water piping wasn't resized:

PRESSURE  DROPS

condenser water flow 2400 gom 1600 gpm
condenser 26.41 ft 12.34 ft
cooling tower 12.23 ft 12.16 ft
condenser piping 1156 ft 532 ft

Reselecting the centrifugal chiller
based on 99°F water leaving the con-
denser (due to the 14°F tower range)
didn't affect its capital and installation
costs, but warmer condenser water
increased the chiller’'s annual energy
consumption. An energy analysis con-
firmed, however, that the substantial
capital cost reductions for the cooling
tower and condenser water pump
would not increase the overall operat-
ing cost of the chilled water system.
Power reductions at the cooling tower
and condenser water pump exceeded
the chiller's additional power consump-
tion. Ultimately, the projected energy
consumption for the entire chilled wa-
ter system is 8 percent less than the
base design:
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ANNUAL ENERGY USE
cooling tower range 9.4°F 14°F

centrifugal chiller 259,776 278,389 kWh
cooling tower 66,911 64,878
condenser water pump 85,769 33,936
TOTAL CONSUMPTION 412,456 377203 kWh

Alternative 3: Wider range, optimized
system.

cooling tower,
(2) 10 hp fans

85°F

1600 gpm

(2.0 gpm/ton)

ﬁ'
A \"""sﬁ centrifugal chiller,
> 800 tons
6.09 COP
1920 gpm cooling coil m
(2.4 gpm/ton) ] % /

L

The school-district administration in
our example was concerned about the
capital costs of their buildings and
equipment, but even more attentive
to energy/ operation and maintenance
costs—the total cost of ownership.
Since available space for the cooling
tower wasn't a selection issue, the
design team adopted a different tack.
Could the benefit of a wider cooling
tower range be “redirected” to improve
the efficiency of the chilled water sys-
tem? What would happen if the range
was increased without downsizing the
cooling tower fill? To find out, the de-
sign engineer used the 14°F range and
the dimensions of the original tower
to reselect the tower for a third time
(Alternative 3 schematic). This combi-
nation of parameters reduced the fan
horsepower requirement from 40 hp to
20 hp, which yielded financial benefits
on two fronts:

Selecting cooling towers for efficiency (continued)

+ A 5to 6 percent reduction in the projected capital cost for the tower due to
smaller fans, motors, and drives

+ A 51 percent reduction in the annual energy consumption projected for
the tower

Our engineer then reselected the centrifugal chiller, choosing heat-transfer op-
tions that would allow it to operate more efficiently at the higher tower range.
These enhancements raised the cost of the chiller, but by less than 5 percent of
the original estimate.

Table 1 summarizes the results of all three selections in this example. The lowest
total owning and operating cost resulted from increasing the tower range, coupled
with cooling tower and chiller selections aimed at affordable efficiency.

Table 1. Summary of selection result s for example chilled water system

Alternative 1: Alternative 2: Alternative 3:

Base design Smaller tower Optimized system

Cooling tower range 9.4°F 14°F 14°F
Condenser water flow 2400 gpm 1600 gpm 1600 gpm
Cooling tower parameters

Footprint 18.75 x 22.08 ft 17.0 x 18.08 ft 18.75 x 22.08 ft

Weight 38,050 Ib 29,136 Ib 37726 Ib

Cells 2 2 2

Fan power (total) 40 hp 40 hp 20 hp

Static lift 12.23 ft 12.16 ft 12.23 ft
Pressure drops

Condenser 26.41 ft 12.34 ft 20.68 ft

Cooling tower 12.23 ft 12.16 ft 12.23 ft

Pipes, valve fittings 1156 ft 532 ft 5.32 ft

Pump power required 40.16 bhp 15.90 bhp 20.39 bhp

Chiller efficiency 6.18 COP 5.76 COP 6.09 COP
Annual energy consumption

Centrifugal chiller 259,776 kWh 278,389 kWh 263,325 kWh

Cooling tower 66,911 kWh 64,878 kWh 32,437 kWh

Condenser water pump 85,769 kWh 33,936 kWh 43,547 kWh

Total for system 412,456 kWh 377203 kWh 339,309 kWh

Developing the energy data shown in Table 1 isn't difficult. The chiller man-
ufacturer can easily provide full- and part-load efficiency data for the chiller
of your choice at various condenser flow rates, while selection software from
the cooling tower manufacturer will provide the required tower performance
data. Energy modeling tools, such as Trane's Chiller Plant Analyzer (which was
used to generate the data in this newsletter), simplify comparisons of various
chiller—tower-pump combinations.

Closing thoughts

When it comes to reducing both the capital cost and operating expense of a
chilled water system, cooling tower range can be a particularly potent tool.

The greater the range, the greater the design team’s latitude to find creative
and effective solutions to project constraints, such as the budgets for capital
investment and operating expense (as in this example), or limitations related
to noise or available space.
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