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May 9th, 191 . 

COOLING OF CONDENSING WATER BY TOWERS 
AND SPRAYING. 

By E. W. MARRIOTT. 

I have been asked by our P resident to put together 
some notes on the cooling of conden ing water, a I have 
had an opportunity of comparing the efficiencies of both 
Tower and Spray Cooling Sy t erns lmder identical weather . , 
conditions at one of the Colonial Sugar Refining Com-
pany's mills, situat ed in the humid zones of the tropic . 

General Remarks. 
The cooling of water under either system is effected in 

three ways, by evaporation, by radiation, and by 'convec­
t ion, that is, by contact with the cold air . During cold 
weather most of the heat is lost by radiation and convec­
Hon, but during the 'hot weather by evaporation. 

The law governing radiation, convection, and the 
amounts of cooling produced by evaporation are given 
in text books and scientific papers; some of them are of 
a complex nature, and as far as I have been able to 
make use of them, of little value in determining the 
amount of cooling which might be expected. The diffi­
eulty lies in fixing the values relating to atmo pheric con­
ditions. However, orne experiments made by Box, given 
in his " Treatise on H at," showing the rate of evapora­
tion with increasing temperatures, 'and the effect of the 
wind on the rate of evaporation, are of special interest. 

In figure I . I have plotted the results of his experi­
ment and the rate of evaporation with increasing tem­
perature-
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Fig. 1. 

from whiC'h it will be s en that the hotter the water to 
be cooled the greater the amount of evaporation, and 
therefote the o-reater the tt'.mperature drop to be ex­
pected, though the drop is b no means directly propor­
tional. 

To how the effect of the wind, Box exposed a small 
ve el partly filled with water to wind varying ill 

strength from a fre h br eze to a gale, and found that 
the incre ed ~ate of evaporation wa in the ratio of 
l.0, 4 .4, 8 .8, 12.4, with calm air, a fresh breeze, a strong 
wind, and a gale re pectively . 
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The effect of the. stat e of dryness of the air on the 
amount of evaporation for va:rious temperature is shown 
in figure II.:-
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And, since the amount of cooling, whether by evapora­
tion, radiation or convection, .is so dependent on the sur­
face area of water exposed, a curve shown in figure III. 
illustrates how rapidly the surface area increases as the 
smallness of the drops or the fineness of the sprays lll­

crease :-
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72 COOLING 0]1 OONDIIH I NG WATER BY TOWIIR8 AND SPRAYIN G 

I I 

40~ 

.1,0 

30G 

~.25(, 

"-

~ 
\ . N!~J 

~ 
, 

""t. /5l ~ 
~ \ ~ 
§ 

l.1/Or: 

5() '" .......... ~ -
0 

it; - - ~ , ' 'i' 1-' 0 T 
Diameter or Drops 

CIIRYE SHOWlIWi TlfE RAT( or INCREASE /.1'{I(fE SURFACE AREA fll'rlSED 

AS A uAllON ty WATER IS OIYltJEO /NnJ ~ OF D{CR/'ASIWfl atKETER. 

Fig. 3. 

Quantity of Water. 
Where condensing waters are circulated, no matter 

what cooling system is adopted, their temperature will, 
in most cases, be above that of the atmosphere, so I 
have added another curve, figure IV., showing the quan­
tity of water required for the ordinary condit ions met 
with in practice :-
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F or reasons other than econOID.Y ill fuel, high vacuua 
in evaporating plants are aimed at in sugar factories. It 
will be seen that with condensing water above atmos­
pheric temperature, the quantity required very quickly 
assumes large proportions. 

Tower . 

F ifteen year ago the C. .R. Company erected at one of 
it ugar mills a Forced Draft Cooling Tower, from 
which very good results were obtained, provided it was 
worked within its capacity and kept in a good state of 
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repair. For any further increase, once a tower has 
reached its capacity for a given set of conditions, it loses. 
its flexibility, and expensiye addition, probably great er­
than r equired a t the time, i necessary. If the mainten­
ance i high this addition makes a bad posit ion worse r 

for whether a t ower i worked at its full capacity or not 
the maintenance' is the sanne. 

Maintenance. 

The Company 's experience is that the maintenance of 
the tower is high. I ·cannot give the actual figures since 
it was built. In any ca e, figures, unless corre0ted to­
some standard cost of material and wages, are uselessr 

but I can tell you that all the timber work has been re­
newed at least once, most of it twice, and some of it several 
times, and at the present time the whol~ of it would need 
renewing or rebuilding in other material. There is now 
over 5'0,000 uper. f eet of t imber in the structure, so­
members can figure for themselvei! t he cost of r epairs. 
The maintenance of the engines driving the fans and of 
the pumps is of course n ormal, but that for the fans is. 
higher than might be expected. The blade have to be 
repaired or renewed every year . The di tributing y tem, 
whether of the r otary type or flume!> with wire edge , 
need constant attention. A description of the tower and 
plant is given later. 

Disadvantages of Towers and Advantages of Spray 
Cooling. 

This high maintenance bill and want of fle~ibility led 
to the spray cooling system being investigated, for, other­
than the pumps, the maintenance of such a ystem should 
be practically nil. 

The spray system will generally be found to have two­
other main advantages over a cooling tower. They are:­

(1) Lower fir t cost. 



, . 

OOOLI:!IG OIl CO:!lDE:!I8I:!IG WATEB BY TOW IlB 8 A!lD 8PBAYl:!lG 'i5 

(2) If forced draft i used in the tower a aving~ 

generally reck oned at 50 per cent., in the powel~ 

required for operation. 

The main disadvantage is the space requir d, this' being 

considerably in excess of that required for the tower. 

Description of Towers.-Structure. 

In 1903 a tower of the forced draft type was installed_ 
It consisted of one r ectangular tower 14ft. x 2 ft. x 30ft­
high, divided into two compartments 14ft. square, the­
lower 9ft. of the casing being of concrete, and the upper 
21ft . of wood. The grid was made of 6 x 1 hardwood 
(N.S.W. ) boards, standing on edge, spaced 6in . centres, 
alternate layers at right angles, not staggered, and with 
a total h eight of 17ft. from the top of the concrete. In 
this structure there wa some 15,000 uper. feet of timber .. 

Pumps. 

Two plunger pumps, one 15in. x 12in. x 1 in. and the-
9ther a · duplex 16in. x 14in. x 15in., delivered the water 
to the top of each compartment, where it was distributed 
over the grids by means of r otary distributors, the quan­
t ity flowing to each compartment being regulated by but­
terfly valves to g!ve equal cooling in each. 

Fans . 

.Air was upplied by two 70in. _Sirocco fans, propeller 
type, one for each compartment, delivering into the bot­
tom, and thu giving counter current effect. The fans 
and di tributors being driven by a pair of lOin. x 12in. 
cro coupled engines. 

Trials. 

In Table 1., II., III . are given the results of some trial. 
of thi plant. Each set of figures is the average of about 
20 observations taken during the course of a day:-
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TABLE 1. 

Two 70" ~ ans. Water Temperatures Air Temp~l'ato"eB. 

.; Cu ft of Ilehvry 
Z 

R.P.M. air per Pres're. I H.P.n! Inlet I Outlet Temp InlAt Hom't y Outlet 
~ fan per I nches EDgin's OF . ° F. D rop OF . % OF .. .. min. water E-< 

- -- - - ---- - - -- ------
I 250 37500 i hAre 14'5 117 I 89 28 77 79 -
2 275 42250 i 16'0 117 I 87 30 80 72 -
Zl 300 43000 -hi 19'0 11\. 84 27 81 72 100 
4 325 ~6750 t b"re 22'0 117 84 a3 78 74 100 
5 350 52600 * 26 '0 115 85 ~( J 1'12 68 103 
6 375 56256 t f nIl 33'0 118 81 37 77 74 95 
7 4 10 flOOOO ~If Zl ~ 'O U 5 815 30 1'10 65 \)9 

W ater, 47,000 gallons per hour. 

Wind : Vel. 10 to 25 miles per hour, I .E., N .N .E., S .. E . 

Sky : Cloudy, dull, bright, showery. 

TABLE II. 
' j wo 7u' Water Temperatures Ai r Tem,peTatures. 

Teet No. fans. 

R.P.M. Inlet ° F. Outlet ° f '. Tem . drop l ulet ° F . Hum·ty."/. Outlet ° F. 
--- - - - -- ---

I 250 116 89 27 76 78 I r6 
2 275 114 83 31 80 72 102 
R 300 117 82 35 79 6f1 102 
4 325 11 6 83 33 81 68 101 
5 353 Il5 78 37 78 69 95 
6 375 11 5 75 40 76 73 100 
7 400 11 3 79 ' Zl4 77 n 97 

W ater, 50;000 gallons per hour. 

TABLE III. 
Two 7u" Water temperature. Air temperature. 

fa" .. Test No. 
;. Hum·ty-l0utletO F . R .P.lIfo Inlet ° F. Outlet OF . Tem. drop InletOF. 

1 250 120 96 24 . 81 69 11 
2 276 122 ~8 24- 84 77 121 
3 300 119 95 24 83 78 11 9 
4 325 121 93 28 81 7d 112 
5 350 ll~ 9 28 81 83 113 
6 375 122 93 29 84 80 I 110 
7 400 122 92 !U) R4 t il 101 

W ater, 65/ 70,000 gallons per hour. 

The following year the cooling plant was duplicated. 
The boards in the grid w re spaced 4in. centres, with a 
view to obtaining a finer ubdivi ion of the wat.er. 'fhe 
ian were run at 250 r .p .m. 
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F igure V. show an external view of the Towers. 

Fig. 6. 

Table IV. gives the results of some special .trials during 
the next two years. The figures given in (1) and (2) are 
each the averages of 150 observations ta~en over a week, 
nd those in (3) of 100 observations taken over 5 days. 
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TABLE IV. 

Wa.ter r"ur 70" Fa.n 81 Wa.tertempera.tnre . . ! Air t emperature. 
~d -----"Z Gallon. per br. 

• • , • , . 0 F. op. Drop. 0 Jr. midity. o!o F. 
RPM I H P Inlet Outlet Temp. j Iolet '/0 Hu· Outlet 

--- - -- -~------------

1 90000 250 46 1L5 88 27 I 81 83 103 
2 96/100001 276 - 116 96 20 I 90 84 94-
~ 95/100000 290 - 116 97 18 86 84 -

In 1906 the capacit of the plant wa 'aO'ain increased. 
The plunger pump were r eplaced by a Ru ton, Proctor 
lOin. centrifugal pump, and two of the 70in. fa by two 
100in. fall of the same make and type. Th l-arger falls 
.delivering more air for less POWel:. 

Table V. O'iv the results of 'oDie pecial trials. 

'rABLE 

Water, 13- ,000 gallons per hour. 

" 
, 

Z ~'70° & 2 100" Fans Wa.ter temperatur e Air tempera.ture 

'i 100" Fa.u.. 701' Fans l l H P. of Inlet Outl.t Temp. Inlet Humid- Outlet 

f R.:;:. R:~:. I En:5nes. 1::'. 0; .. _O:P' I ::; i:: 1::'-
2 IS;! 2RO 40 \18 9() 2R 9! ~ 81 IIl4 

In the years following the alteration made were- re­
. tricted to the motive power, icept that th ·6in: x l in. 
·boar were notched into each other an. inch to provide 
a better meth od of keeping them in place and two of the 
rotary di tributor w re replaced with wooden flume 
-having weir edges. In Table VI. the average cooling ef­
fect obtained for each year up to 1915 is giv n . The 
ligures . given repr esent the average of a large number 
of observati.ons. Generally one s t of ob ervations wa 
made each shift of hours, that is, tilree ets per da , for 
ix day per week throughout the whole season. I find 

it impos ible to give the av rage quantity of water pa ed 
through the tower; the figures given must be taken as 
approximate :-
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TABLE VI. 

Yea.r , 1903 1904 1905 1906 1907 
- -- ---- - - - - - -- - --

umber of weeks 25 29 29 27 28 
-Q uantity of water 

Galls, per hour 45/75030 90000 (15/ 100000 125/ 130000 125/ 1800)0 
Temp' re, of water 

I nlet 0 F 123'5 127 '8 , 118'0 116'8 110'3 
l't'mp're, of water 

Outlet 0 F ... 95'9 92'4 90 ' 5 88'6 88'$1 
'Temp're. drop OF 27 '6 85 '4 27'5 28'2 21 '4 

Year . 1908 1909 1910 1911 
------ - --- ----- - ---

TA'BLE Number of weeks 24 23· 29 '17 
QUl\nt ity of water 

VI G~IlB . per hour l25/180000 125/ 1aooOO 125/ 130000 125/ 130000 

Continu.ed, Temp're. of water 
I n let 0 F . . 1l0'0 115' 8 113'0 116'0 

Temp're. of water 
Outlet OF ... 90' 6 95'3 fJ6'O 95'0 

Temp' re, drop OF 19'4 20 ' 5 17'0 21'0 

Year, I 1912 1913 1914 1916 
--- --- ---

T ABLE Number of weeks I 23 29 21 17 
Quantit y of water 

VI Galls. per hour 125/ 130000 125/ 130000 125/ 130000 125/ 130000 

Continued . Temp're. of water 
I nlet 0 F .. , 119'0 118'0 114'0 121'0 

Temp' re. of wa.ter 
Outlet 0 F 92 '0 96 '0 96'0 99 '0 

Temp're. d rop OF 27 '0 22'0 18'0 22'0 

At first sight there appears to ·be a big variation in 
the effi ciency. Evaporation probably is the greatest fac­
tor in the amount of cooling effected, and remembering 
Box' experiment, hown in F ig. I , it will be seen in Fig. IV, 
where the t emperature drops have been plotted as ordin­
ates and the cor responding inlet temperatures as ab-
ci ae the variation from the mean curve, except for 

the year 1906, 190'7 and 1915, are remarkably small ; 
<lver uch a long period variations in atmospheric 
condit ions and effici ency of the plant mu t have occurred. 
F or 1906 and 1907 the temperature drops are high, 
and, apart from anything else, we know the plant f or 
the e years was in good order, whereas in 1915 the drop 
is low, and we know the plant to have been in a bad 
state of r epair. 

--




