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Ezample 2: It is desired to cool 150,000 1b of water per hour (about 100 tons of
mechanicsl refrigeration) from 110 to 84 F with 125,000 1b of dry air per hour, witha
design wet-bulb air temperature of 75 F. These conditions could prevail with a
steam-turbine driven centrifugal refrigeration compressor. Determine the Tower
Performance Factor; show in tabular form the successive steps for this mechanical
integration by selecting two-degree intervals of the water-temperature range.

Solution: The accompanying Table 5 shows the sequence of mechanical integration
for the given water and air temperatures.’ The first column shows the water temper-
ature 8 in increments of two degrees (A8 = 2 F deg). Column 2 gives the enthalpies
of the saturated air-vapor mixture at the water temperature, Btu per pound of dry
air. The enthalpy of air, Aa in column 3, has an original value of 38.6) Btu per lb
corresponding to the 75 F entering wet-bulb temperature ‘of the ambient air; this

value of h. increases in equal increments of 1.2 (gratio) ‘Btu per F deg, hence,

150,000 1b 2.4. The potential for mass heat transfer is
(h" — h,) as shown in column 4; this is frequently called the tower driving force po-
tential. The values in column 5 for each increment are determined by dividing 24
Btu per F deg by the average value of (R — h.); and column 6 18 calculated in a
similar manner, except that the increments are two degrees instead of 2.4 Btu.

TasLE 5. SEQUENCE oF MEcHANICAL INTEGRATION TOWER PERFORMANCE FACTOR

2 3 4 b 6
1 H, 34 NTHALI ah A
Wum} Teue. EmFl;ﬁY ° Emnﬁ!;;' o lgamam:::z [ ) & — )
Lo .k (A" — Ba) (avg.) (ave.)
84 48.22 38.61 9.61
86 50.66 41.01 9.65 9.249 9.208
88 53.23 43.41 9.82 0'241 0'201
90 55.93 45.81 10.12 0’232 R 0‘194
92 58.78 48.21 10.57 0'221 0.184
94 61.77 50.61 11.16 0.208 0‘173
96 64.92 53.01 11.91 0'194 0'162
98 68.23 55.41 12.82 0.180 . 0150
100 71.73 . 57.81 13.92 0'165 0'137
102 75.42 - 60.21 15.21 0'150 0'125
o104 79.31 62.61 16.70 . 0'137 0.114
106 83.42 65.01 © 18.41 0.124 0'103
108 87.76 67.41 20.35 0'112 0'093
110 92.34 69.81 22.53 ' '

Tower Performance Factor = 2.460 or 2.050

Hence, the mechanical integration for the above conditions gives two results:

K d
;V = 2 W 1‘ b = 246, VTo‘wer Performance Factor

and

KaV do

L Z R — ha

The results obtained in Ezample 2 are designated as the Tower Per-
formance Factor (TPF) or the Number of Tower Units (NTU); these

= 205, Tower Performance Factor

figures represent correlated values that are directly proportional to the.

performance being considered. Similar calculations could be made for
other quantities and temperatures of air and water. 1t should be no

that this factor is not related to the equipment doing the cooling, that any
numerical value may represent an infinite number of possible performance
conditions, that any cooling tower arrangement may give almost any
performance under certain conditions. Also the mechanical integration
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procedure used above applies.only to counterflow apparatus. However

the same principles may be applied t
o . 4
towers, although the methodpig more ilclu\‘r(:)slsvfl(é? .?@msphenp water-cooling

The basic mathematical theo : i
3 ! ry for- water-cooling t i '
esta})thshe(é and recognized, but each manufacturer reﬁes(:xv;zl;ls els : im Wteﬁ
reSltle S %n practical experience with his own tower designs toxgs:ull)ll(ias]i)
(slysi m for rzla,tlng each unit that he builds. The problem of coolina t -
eglsliil:n g;tsxfrf;pgols gaseg ox}rzl'a.l knowledge of the ch’aracteristicsg of0 v:l(:;
lipm g considered. The Tower Performance Factor i i
;?1‘(111 (1;2 iz: ;'un%:’l((gé I(;{n 21119{'. z;{e?llg{;n;‘it‘,dlzi\.lso va.lll'l;fs with the watgé‘rlfosd‘;ﬁgilﬁs
- : ata indicate that it vari i
although this variation ma ations o jrne heat load
- 7 may be due to deviatio e ical
%‘alllcula?ons which become more pronounced at tﬁ: ggﬁtarﬂ;:nfheoretmal
: e reference literature contains Tower Performance Factors wﬁfrﬁtges'
een reported by various investigators, but the reader should ’becwang

that the use of such factors, wi i
o oy o O Such f result,s.wuhout a full understanding of the source,

SELECTI?N OF WATER-COOLING TOWERS

ca.!rﬂft cggrggze t;‘yp.e a.(xixd size of water-cooling equipment for a given service
o ot be dete mine mteﬂlgel}tly without considering the characteristics
Very forions ﬂpe§, together with the many correlated requirement factors
ey fow In ﬁa ations are exactly alike in details of requirements, h .

ns aftecting performance and operation of the several t,yp:g c(e)%

water-cooling equipment va i
T-CO ) ry widely b iversi
applications and wide-spread geograph%ca]ef&lfgogﬁ. the many diversified

Before the characteristi i ‘
. h cs of a specific water-cooli
;\é(rig:gr éieas‘lgible or llmc%:eisn'able for a given heat lgaﬁgaﬁgp:faitgillc)azege
I ure, rvey should consider the importance of e ing
;t&agé:.ofﬁrsp gost including all necessary auxiliaries :;(gl (Kefhﬁtfowlylvowl?tg
iy of a‘;"v;?y \crgl;l)fc(;gl ?tx;dtgl{)ecitﬁﬁn, rigiéiity of structure to witghst’ande I}igﬂ
s, ty, uilding codes, drift nui
requirements and cost of chemical ent. if mosded. el P Water
\ f chy treatment if needed
g;lglglbnlg (lplus fan operation in the case of mechanical (fra:ftgq(;?llairx)lzger o
restricti((:,nsoca.t‘,lons (with due thought to possible future ex’pa.nsionn::lif;:i’
equipment” space cost, proximity and accessibility, etc.) appearan(:,e th
o gsloggesarztmg ﬂem;:nlﬂ:y for the most economical conform’a.nc:
) varyin r seasonal cha consi i i
With rogact e 2 srien applicatigx%?s, and other considerations oceurring

For a definite heat-load dissipati
a definite - sipation, the t i i
Wer is primarily affected by the followingyl():?)s(ili(tii;llzse: of a water-cooling

. g:llons per minute of cooling water.

. W (:gtr)aphlcal'location of the tower installation.
. :m-p ;l:)t :esngnt;emli)erature of ambient air (see Table 2, Chapter 13)

- re of the hot water entering th i .
T g the tower at normal rating.
Gemperature of the cold water leaving the tower at normal ratilxlllg

- Al'ound, roof, or sub-structure installation. &

. Prea. aYaﬂabIe for cooling tower.

- Sroxmuty to other structures.

- durface of water exposed to each unit quantity of air.

- Time of contact ir wi
of the air with the water; thi i
of tower, and upon the relative velocityt’)f alisr ii%exvlv?tgxgon helght (or length)
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