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A typical pillow mold
showing six recently
completed pillows. Gly-
col at-15°F (-26°C) is cir-
culated from the new
chiller to up to 48 molds.
The “cold” glycol is part
of the process to form
cells in the rubber. The
mold receives the cold
glycol, followed by low
intermediate glycol, high
intermediate glycol, and
finally the cells are
“cooked” in hot glycol.
The entire process takes
about 30 to 40 minutes
per mold.

Refrigeration System Replacement
In a Manufacturing Operation

By Alfred E. Guntermann, PE.
Fellow ASHRAE

atex Foam Products of Ansonia,

Conn., manufactures foam rubber pil-

lows and mattresses in a large indus-

trial facility. An engineering consult-
ing firm was selected to study, provide engi-
neering and manage the replacement of the
facility’s chiller system.

The Talalay Process is used at the manufac-
turing facility, which uses refrigeration units to
produce —20°F (—29°C) glycol that is pumped
through aluminum molds and freezes the latex
foam compound to form tiny cells. Once the cells
are formed, the compound must be cooked to
“set” the foam rubber at high temperatures by a
boiler that heats the glycol to 230°F (110°C).

In-between the —20°F and 230°F (-29°C and
110°C) glycol, the Talalay Process uses two in-
termediate temperature glycols to provide “free”
preheating and precooling of the molds without
more energy—similar to an HVAC exhaust air/
makeup air coil run around loop system.

The aluminum molds are glycol-to-latex rub-
ber heat exchangers. Four primary piping loops
provide the four glycol temperature fluids to
each mold through secondary branch lines.
Branch lines connect the primary loops to the

molds through headers. At both the inlet and
outlet of the mold header, each branch line has a
two-way valve that controls the temperature of
the glycol in the mold. Once the production cycle
is started manually, the glycol temperature is
controlled by an automatic timer, which cycles
the inlet and outlet two-way valves. Production
typically occurred 24 hours per day for approxi-
mately six days per week.

The original refrigeration system used six 502
hermetic reciprocating chillers each rated at 160
tons (563 kW) if producing 45°F (7°C) chilled
water, but only 28 tons (99 kW) if producing
—20°F (=29°C) glycol. About 900 gpm (57 L/s) of
—20°F (-29°C) glycol was circulated through the
primary cold supply loop and cycled to the
molds. The chillers water-cooled the condens-
ers and were supplied from a well water system
based on approximately 1 gpm/ton (0.0179
mL/J) and 95°F (35°C) condenser head pressure.
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240 Tons 120 Tons

Ogi::ro::lﬁir Fan Pump Total Pump Total
S5 F 16 9.4 25.4 16 9.4 25.4

75 F 16 9.4 25.4 16 9.4 25.4
55.F 16 9.4 25.4 8 9.4 17.4
35F 8 9.4 17.4 0 9.4 9.4
i51E 0 9.4 9.4 0 0.0 0.0

5.F 0 A7, 4.7 0 0.0 0.0

Table 1: Evaporative condenser consumption (kW).

For this project, two 120 ton (422 kW), 300 hp (224 kW) open
screw compressor chillers totaling 240 tons (845 kW) were in-
stalled to replace the six chillers, which provided 168 tons (592
kW). This improved the average full load efficiency from 2.8
kW/ton to 1.95 kW/ton. Installing evaporative condensers,
pumping systems and a variable speed drive on one chiller
improved the average part load efficiency to 1.33 kW/ton.

Ammonia was chosen as the chiller’s refrigerant for environ-
mental reasons, even though R-22 was slightly more efficient at
—30°F (-34°C) suction temperature.

New Equipment

Base Chiller Analysis. Based on the published
manufacturer’s data for the original chillers at the operating
conditions of —30°F (=34°C) suction and 95°F (35°C) condens-
ing temperatures, the full load efficiencies are 2.8 kW/ton. Com-
paratively, the two new 120 ton (422 kW) chillers’ full load effi-
ciency for 94°F (35°C) condensing temperature is 1.95 kW/ton.
This improved the chillers’ full load efficiency by 27.6%.

Evaporative Condenser. The original chiller system utilized a
10hp (7 kW), 300 gpm (19 L/s) well water pump to supply a shell
and tube heat exchanger. Even though the shell and tube heat
exchanger was cleaned twice a year to remove a heavy tube film
buildup, the chiller’s condensing temperatures were observed
to be as high as 120°F (49°C), which corresponds to a full load
efficiency of 3.7 kW/ton, compared to 2.8 kW/ton at 95°F (35°C).
Over the year, a bad fouling factor is likely to reduce the aver-
age efficiency by 5% to 10%, or 20 to 40 kWh. The secondary
side of the heat exchanger supplied both an industrial process
and condensing water regulating valves, which maintained 95°F
(35°C) chiller condensing temperature.

Two oversized 180 ton (634 kW) evaporative condensers
allow the chiller to operate at 89°F (32°C) full load condensing
temperature, which improved the chiller full load efficiency from
1.95 kW/ton to 1.7 kW/ton. Further, the evaporative condenser
fans drive the chiller head pressure down to 65°F (18°C) before
modulating, which improves the chiller efficiency to 1.2 kW/
ton. The evaporative condenser loads vary with outdoor air
temperature as outlined in Table I.

Based on the Connecticut weather data, the outdoor air dry-
bulb temperature is above 55°F (13°C) for 3,800 hours per year,
or 44% of the 8,640 hours per year.
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Chiller #1 Chiller #2 Total Chillers

Total Tons = Tons kW  Tons kW  Tons kW kW/ton
240 120 | 200.5 | 120 | 200.5 | 240 401 1}
210 120 | 2005 | 90 175.6 | 210 | 376.1 1.8
180 120 | 200.5 60 151.2 | 180 | 351.7 2.0
150 120 | 200.5 30 128.2 | 150 | 328.7 2.0
120 120 | 200.5 | 120 | 200.5 1.7
90 90 175.6| 90 175.6 2.0
60 60 151.2| 60 151.2 255
30 30 128.2| 30 128.2 4.3

Average kW/ton: 2.25

Table 2: New chillers. Constant speed/slide valve is at 89°F
(32°C) condensing temperature and -30°F (-34°C) suction
temperature.

Since the original chillers’ 10 hp (7 kW) well water pump and
30 hp (22 kW) condenser/process water pump have been elimi-
nated, and since the condenser fouling factor improved sub-
stantially, the additional evaporative condenser fan and pump
electrical loads will be less than the original well water and con-
denser pump electrical loads.

New Screw Compressor Energy Analysis. The original chiller
reciprocating compressors had cylinder unloaders. The pub-
lished part load efficiency varied from 2.8 kW/ton at 100% load
to 3.6 kW/ton at 18% load, with an average of 3.11 kW/ton. The
new screw compressors part load efficiency varied 1.7 kW/ton
at 100% load, 2.0 kW/ton at 75% load, 2.5 kW/ton at 50% load
and 4.3 kW/ton at 25% load.

Since there was no set production schedule, it was decided
that the average chiller efficiency was the best chiller efficiency
estimate. The screw manufacturer’s published data for the part
load kW/ton for 89°F (32°C) condensing temperature and
—30°F (—34°C) suction temperature are outlined in Table 2.

At 65°F (18°C) condensing temperature, a similar calculation
provides an average chiller efficiency of 1.58 kW/ton. Since the
weather data for Connecticut shows the outdoor dry bulb tem-
perature is below 65°F (18°C) 56% of the year, the yearly aver-
age kW/ton is:

=0.44 % [(2.25+1.58)/2] +0.56 x1.58 = 1.73 kW/ton

Based on a fixed number of molds and a calculated average
load per mold, the chillers would operate at an average of 120
tons (422 kW). Based on 120 tons (422 kW), 7,000 hours per
year, 1.73 kW/ton, and $.09/ kWh, the new chillers average
annual cost would be $130,788 compared to the original chillers
average annual cost of $235,116 at 3.11 kW/ton at the same
conditions for an annual savings of $104,328.

Variable Speed Drive. A variable speed drive was added to
one of the two screw compressors. Based on the manufacturer’s
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