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-succession of air and water states existing i ' i
ssio; ) : g in the exchanger sections mu
cogbllne to form a straight line (for L = constant) ongthe temperatufg
_env alpy diagram. The slope of this operating line is:

d L o

, o 7
Since the heat capacity of water is i i ]
C f er 1s approximately unity, this slope is th
;gfio of the water to the air rate. Equation 3 indicates t’hat the ;i)oteniia?
fr energy transfer at any section is the difference between the enthalpy
oh saturated air at the main-body water temperature at
the enthalpy of the air stream in contact with that water. This potential

is the difference in the ordinates of the saturation and operating lines for -

the water tempera i ich i
the water perature at the plane in the tower which is under con-
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Conl;blgaﬁgn .of Eq_qa_tions.Z and 3 results in the expression:

: Gdh = Ka (h* - ba):dV . R )

Integrating this equation over the lengt}.l'of the ekclianger: A .
o f "G _dh :
e 2.4: _Ka h'"—‘-'ha =V e T ()

“The integration of the left-side of Equation 5 determihes" the’ iow'ér

volume required to achieve the desired en xchangeé i i '
. N ¢ : ergy exchange.  Th i :
is readily accomplished for counter and-parallel flow a%rangerlee:?t?mg ‘233

Ka ai 1
Ka s rl;leesuzisually independent of the tower volume and Equation 5 then

Where NTU is defined. as tht;

. R of SRR - ; .
- di Kev ~ o
NTU = [ - %2 = 28 : :
'\/;vh_"—A_haw_'G‘_ _ T (8)
.IYumlfer of Transfer Units and is a measure of th;
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The integration is made numerically or graphically. In"the graphical
integration Tti—-l—_ha is evaluated as a function of k.. .This determination

involves the use of the.energy balance equation .integrated from one
section to the section in question. The area under the curve between any
two abscissae is the number of transfer units required to change the air
state from &2 to h. - e - T

An approximate value for the number of transfer units can ‘also be
determined by a simple graphical method of direct ‘construction on the
temperature enthalpy diagram® This method cannot be applied very
satisfactorily to cooling towers as the operating range is small and the
value of the NTU is near unity. ’

When the relationship between' the enthalpy of the saturated air and
the temperature is linear over the range of water tempeératures involved,
it can be shown?® that the logarithmic mean of -the terminal .potentials;
Fim,, is the correct driving force. This is true to a good approximation
when the water cooling does not exceed-15 deg. The approximation to
linearity may be determined by inspection of Table T, Chapter 3, or the
temperature enthalpy diagram of Fig. 5. ‘If the logarithmic mean is a
valid potential, Equation 6 may be written: = )

o Th  Kev T AT
e = Y @

and the need for the numerical integration for the determination of the. .
tower volume is eliminated. o S
The over-all rate coefficient, Ka, must be known if the tower volume is
to be determined. Experiments conducted on towers containing different
packing construction have yielded some magnitudes of this coefficient,
evaluated on an over-all basis. These data are presented in Fig. 6 as a
function of the gas mass velocity through the packing, and apply only to
the particular packing structure for which they were obtained. The
over-all rate coefficient (Ka) may also be -a function of the water rate,
since a reduction of the water rate may reduce the wetted area within the
exchanger®. The results included in Fig. 6 probably represent magnitudes
of Ka which were obtained for complete wetting. Within the cooling
tower operating range the over-all rate coefficient for energy transfer is
nearly the same numerically as the over-all rate coefficient for mass trans-
fer. The conditions of test corresponding to the data presented in Fig. 6
are not well enough known in most cases to warrant recomputation of
Ka. Therefore the magnitudes of the over-all rate coefficient for mass
transfer presented in Fig. 6 may be used directly in Equations 5 and 6,

 the units of Ka in these equations being Btu per (hour) (cubic foot per’

pound of dry air).

Application of Design Procedure

. ' A typical procedure which may be followed in designing a cooling tower
is illustrated in the following Example 1.

. Example 1. The rate of air flow, arbitrarily assumed in the data given, is related to
the tower volume by economic considerations.. A balance between air rate and tower
volume rests on consideration of the costs of producing air flow and of the tower con-
struction!®, A counter-flow forced draft cooling tower is to cool 36,000 1b of water per
bour from an initial temperature of 110 F to a final temperature of 80 F. _ Air having
an initial condition of 65 F dry-bulb and 58 F wet-bulb temperature will be forced



