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ABSTRACT

An improved cooling tower simulation algorithm was
‘ool Tools™ simulation model to support the
optimal design of chilled water systems. The new algorithm
was developed to predict more quickly and more accurately the
thermal performance and energy consumption of a cooling

developed for the

tower. An array of previously known analytical and empirical
algorithms and the newly developed empirical algorithm were
evaluated on the basis of accuracy and computational effi-
ciency. The accuracy of each algorithm was determined for a
eiven set of operating conditions by a comparison between the
computed approach to the inlei wet-bulb temperature
(approach) and that detevmined from vendor-supplied perfor-
mance curves. The results of the evaluation indicate that th
empirical algorithms require considerably less compu
time and provide more consisteni resulis than do the analy
algorithms. The new empiric afafgm‘:fhm wes ﬁnmdm be more

accurate and mo tthan the previously existing m’go—

Fithms.

INTRODUCTION

The CoolTools™ simulation model employing the DOE2
simulation code is used for building energy analyses and opti-
mizations. An important component of this model is the
chilled water system that utilizes “package” type evaporative
cooling towers. The expected performance of these evapora-
tive cooling towers is based on cooling tower simulation algo-
rithms (CTSAs). A literature review was conducted to identify
the existing CTSAs. An improved CTSA was developed and
compared with the existing CTSAs for speed and accuracy to
determine the best CTSA to be used by the DOE2 simulation
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code. The accuracy of'each CTSA was determined for a given
set of operating conditions by a comparison between the
computed approach and that determined from wvendor-
supplied performance curves for an array of cooling towers
that have been certified by the Cooling Tower Institute.

In 1925, Dr. Fredrick Merkel (1925) proposed a theory
relating evaporation and sensible heat transfer where there is
counterflow confact of water and air, such as in cooling
towers. Merkel made several simplifying assumptions that
reduce the governing relationships for a counterflow cooling
tower to a single bcpd.rablc ordinary differential equation.
Sc\«eral authors have pr . derivation of the Merkel
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tream of air 1s surrounded by a film of saturated air and that

the saturaled airis surrounded by a bulk stream of air. He made

the following assumptions:

1. The saturated air film is at the temperature of the bulk
water.

2. The saturated air film offers no resistance to heat transfer.

3. The vapor content of the air is proportional to the partial
pressure of the water vapor,

4. The heat transferred from the air to the film by convection
is proportional to the heat transferred from the film to the
ambient air by evaporation.
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