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FOREWORD
Because of the fuel shortages which began to manifest 

themselves in the early 1970s, the cost of energy began 
its asymptotic rise. Government regulatory agencies were 
formed and brand new careers in energy conservation and 
management disciplines were spawned. For these reasons, 
current general awareness of the energy problem has made 
the quest for improved energy efficiency seem to be an 
effort that is in its infancy. At Marley, nothing could be 
further from the truth.

From the time that their use began to become notewor-
thy, in the 1930s, much of the effort devoted to research 
and development of the mechanical draft cooling tower 
went toward achieving reductions in pump head and 
fan power. This effort resulted in the development, by 
Marley, of the induced draft, crossflow cooling tower in 
1938, and a new standard of energy utilization was es-
tablished—against which all other cooling tower designs 
are still compared.

The purpose of this report is to make those compari-
sons in a straightforward and explanatory manner, and to 
make the reader aware of certain devices and techniques 
by which the ancient physical laws can be utilized for 
reduced energy consumption on existing installations, as 
well as on new projects.

The principles and results described in this paper apply 
universally to cooling towers—regardless of their size and 
irrespective of the sources of the heat loads dissipated. 
Cooling towers neither know nor care what produces the 
imposed load. They merely react to that load—and do 
so in a predictable fashion. Air conditioning was chosen 
as the load source for this paper only because it is most 
generally understood—and because the load variations 
which routinely occur within a given system offer the 
opportunity to analyze numerous operating situations.

COOLING TOWER ENERGY DEFINED
Energy is consumed in driving the fan, or fans, neces-

sary to achieve proper air movement through a cooling 
tower. The pump head of a cooling tower also contributes 
to the energy expended in the operation of the condenser 
water pump. Obviously, therefore, manipulation of one, 
or both, of these power consuming aspects as a means 

of adjusting for changing loads or ambient conditions 
should have some beneficial effect upon the tower’s 
energy requirement.

Which of these two aspects to control, or whether they 
should be manipulated in concert, is a question that has 
plagued operators for a long time, probably as long as 
cooling towers have been operated and certainly as long 
as the current energy “crisis” has been in effect.

Deciding whether to attempt control of either air flow 
or water flow, as well as how to go about it, will depend 
primarily upon specific characteristics and limitations 
of the condenser/chilled water system. It also requires 
some understanding of the most-utilized types of cooling 
towers. Figures 1 and 2 depict two basic types used for 
air conditioning service and for small to medium process 
loads.

TOWER TYPES
In a counterflow tower, air moves vertically upward 

through the heat transfer media (fill) counter to the down-
ward fall of water. In a crossflow tower, movement of air 
through the fill is across (perpendicular to) the direction of 
water fall. Although both types of towers may be equipped 
with either propeller fans or blower fans, and the fans may  
be located either on the intake side to force air through the 
tower, or on the discharge side to induce air through, the 
definitive configurations indicated in Figures 1 and 2 repre-
sent two of the most common arrangements utilized for the 
air conditioning and smaller process markets. Each type has  
distinctly different fan power and pump head energy con-
suming characteristics, which will be discussed in turn.

FAN POWER REQUIREMENTS
Because of the nature of blower fans, when operating 

against the relatively low static pressures encountered 
in cooling towers, they characteristically require at least 
twice the applied horsepower of propeller fans to deliver 
equivalent air flow. Conversely, they are able to move 
predictable quantities of air against very high static 
pressures. They are also very compact and relatively 
inexpensive to adapt to cooling towers of commercial 
quality and limited size.
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