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SUBJECT:

The Application of Cooling Towers for
Free Cooling

BACKGROUND
Considering the amount of recent coverage in trade
journals concerning the use of cooling towers to achieve
“free cooling” without the expense of operating the chiller,
uninformed users may get the impression that such use
represents new technology. Also, since many of the releases
have come from a limited-scope cooling tower manufacturer, one might easily be led to believe that forced draft,
centrifugal blower, counterflow type cooling towers are
the best answer to a free cooling problem.
Neither of these impressions are true.
Without searching archives too deeply, the use of Marley towers in free cooling applications extends back at
least 30 years, during which time Marley-manufactured
crossflow, counterflow, induced draft, and forced draft
towers were so applied. Therefore, if there is a storehouse
of knowledge and experience on free cooling it belongs
to Marley, and it was compiled from the use of various
types of cooling towers—not just one type.
Based upon the experience gained from having manufactured all types of cooling towers a previous article
was written entitled “Cooling Tower Energy and its
Management.” Much of the operational-type information
contained in that report applies equally to the application
of towers on free cooling, and it is recommended that
the reader obtain a copy to enhance full understanding
of the present paper.
THE CLASSIC CHILLED WATER SYSTEM
Air conditioning and refrigeration systems, as well as
numerous industrial processes, require cold water at a
temperature well below that which a cooling tower is
capable of producing during a normal summer. In those
cases, various types of chilled water systems are utilized,
the most common of which is depicted in Figure 1 for
purposes of discussion.
In this system, a chilled water circuit picks up heat from
the air conditioning or process load and transfers this heat
to vaporize a refrigerant flowing through the evaporator.

Having lost its added heat, the chilled water is thereby
cooled for its return to the load source. Meanwhile,
the refrigerant vapor is pressurized within a compressor (adding the heat equivalent of compression work)
and flows to a condenser, where the total added heat is
transferred to the condenser water circuit. Ultimately,
of course, this total heat is rejected to the atmosphere by
the cooling tower, and the water is cooled for its return
to the condenser.
Important to note is the fact that the load rejected by
the cooling tower exceeds the actual process load by the
amount of heat (or work) necessary to affect the refrigeration function of the chiller. In the refrigerant compression
system shown, this added “heat of compression” causes the
tower to have to dissipate approximately 25% more load
than that actually imposed by the process. Therefore, although a “ton” of refrigeration (by definition) is equivalent
to a heat dissipation rate of 12,000 Btu/hr, cooling tower
designers for this type system routinely think in terms of
15,000 Btu/hr/ton.
Similarly, in an absorption chiller system the cooling
tower would also be required to dissipate the heat added
to effect absorption and release of the refrigerant vapor. In
that case, the load at the tower would be about 2.5 times
the load imposed by the process, or approximately 30,000
Btulhr/ton.
The flow rates and temperatures indicated on Figure
1 are typical of those encountered in an air conditioning
system operating at full load in summertime conditions.
Note that the usual pumping rates are 3 gpm/ton in the
condenser water circuit, and 2.4 gpm/ton in the chilled
water circuit. These pumping rates are reflective of the
aforementioned difference in heat content, and result in
a 10°'F water temperature rise in each loop.
As a general rule, process loads do not require a temperature as low as that indicated on Figure 1. Typical
low temperature processes might want temperatures
between 55°F and 70°F and, for purposes of illustration
in this paper,
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