
BELL SYSTEM PRACTICES 
Buildings 
Operation and Maintenance 

COOLING TOWEIS 

EEz%% 
I ssue  1, Aumst. 1956 

CONTENTS PAGE 

1. GENERAL.. . . . . . . . . . . . . 1 

2. DESCRIPTION . . . . . . . . . . . . 1 

3. OPERATION . . .  . . . . . . . . . .  2 

h. CAPACITY RATINGS . . . . . . . . . 3 

5. AIR REQJIRZMENTS . . . . . . . . . 4 

6. WATER LOSSES. . . . . . . . . . . . IL 

7. WATER TREATMENT . . . . . . . . . . ii 

8. PREVEhPPIVE MAINTENANCE . . . . . . 6 

9. TXOUBLE Ci%ET . . . . . . . . . . . 9 

1. GENER4L 

1.01 This sec t ion  descr ibes  t h e  operation and 
maintenance of mechanical d r a f t  cooling 

towers used f o r  a i r  conditioning systems. 

2. DESCRIPTION 

2.01 A cooling tower cools t h e  water which 
has been used i n  t he  condenser of t he  

r e f r i ge r a t i on  equipment f o r  ex t rac t ing  heat 
from the  re f r igeran t .  It cools  t he  water 
s u f f i c i e n t l y  f o r  reuse and thereby minimizes 
t he  amount of water consumed f o r  t h i s  purpose. 
I t s  place i n  an a i r  conditioning system is 
i l l u s t r a t e d  i n  Fig. 1. 

2.02 Cooling is accomplished by exposing the  
condenser heated water t o  outs ide a i r  so  

t h a t  t h e  water loses  heat p a r t l y  by  t r a n s f e r  
of sens ib le  heat t o  t he  cooler a i r ,  but  mainly 
by evaporation of a port ion of t he  water. 

2.0h Cooling towers a r e  divided i n t o  two gen- 
e r a l  types, na tu r a l  d r a f t  and mechanical 

draf t .  The na tura l  d r a f t  t m ~ e r  r e l i e s  on pre- 
va i l i ng  winds, or  on chimney e f f e c t  f o r  a i r  
flow through the  tower. The mechanical d r a f t  
tower i s  equipped with one or  more fans  tosup-  
p l y  t he  required quant i ty  of a i r .  Disadvantages 
inherent  i n  t he  na tu r a l  d r a f t  tower, e.g., l a r g e  
s ize ,  spray nuisance, dependence on n a t u r a l  
conditions, e tc ,  general ly  preclude t he  use of 
t h i s  type f o r  telephone buildings. This prac- 
t i c e  i s  accordingly concerned only with t he  
mechanical d r a f t  cooling tower. 

2.05 The mechanical d r a f t  towers a r e  a l s o  di-  
vided i n t o  two general types, forced 

d r a f t ,  i l l u s t r a t e d  i n  Fig. 1, and induced d r a f t ,  
i l l u s t r a t e d  by Figs. 2 and 3. In t he  forced 
d r a f t  tower t h e  fan i s  located i n  t h e  a i r  i n l e t  
t o  t h e  tower. In the  induced d r a f t  the  fan i s  
located i n  t he  a i r  o u t l e t  from the  tower. 

2.06 The path of a i r  flow through t he  tower 
serves t o  f u r t he r  c l a s s i f y  t he  mechanical 

d r a f t  tower. In  the  crossflow tower, a i r  flows 
horizontal ly  across the  path of t he  f a l l i n g  
water. In the  counterflow tower, i l l u s t r a t e d  
by Fig. 2, a i r  flows v e r t i c a l l y  upward counter 
t o  the  path of f a l l i n g  water. The doubleflor 
tower, i l l u s t r a t e d  by Fig. 3, has a i r  flowing 
i n  horizontal ly  from both ends of t he  tower, 
then  upward through the  f an  discharge. 

2.07 Various means a r e  used t o  break up t h e  
water i n t o  f i n e  p a r t i c l e s  i n  order t o  ex- 

pose grea te r  water surface t o  t he  cool ing ac- 
t i o n  of t he  tower. Spray headers i l l u s t r a t e d  
i n  Figs. 1 and 2 break t h e  water i n f i n e  drops. 
In another arrangement, i l l u s t r a t e d  i n  Fig. 3, 
t he  warm water is fed t o  a d i s t r i b u t i o n  bas in  
located a t  t h e  top of t he  tower. The f l o o r  of 
t h i s  basin i s  equipped with a number of uni- 
formlv soaced ceramic d i s t r i b u t i o n  nozzles. 

2.03 The tower cons i s t s  of an enclosure of 
Go thk r  method, not i l l u s t r a t e d ,  simply u t i l i z e s  
overflowing troughs t o  d i s t r i b u t e  t he  water. 

wood. metal o r  asbestos cement board. 
Water i s  a h i t t e d  t o  t he  top of t h e  enclosure 2.08 The water is  d i s t r i bu t ed  w e r  a s e r i e s  of 
and is sprayed or  dripped down over a s e r i e s  staggered s l a t t e d  decks, ca l led  t he  f i l l ,  
Of 'Iatted decks be in a water which r e t a rd s  t h e  r a t e  a t  which it re turns  t o  
bas in  a t  t he  bottom of t h e  tower. Means a r e  t h e  catch bas in  and serves  f u r t h e r  t o  break up 
provided fo r  forcing a i r  through t he  sprays t h e  water i n t o  f i n e  drops. The f i l l  may be of 
of f a l l i n g  water. The cooled water is  accu- metnl, wood o r  asbestos cement boards. 
d a t e d  i n  t h e  bas in  of t h e  tower and i s  re- 
turned t o  t h e  condenser f o r  recirculat ion.  
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2.09 Air flo7&ng through t he  tower w i l l  en- 
t r a i n  small water pa r t i c l e s .  Water l o s t  

due t o  t h i s  e f f e c t  i s  c a l l ed  d r i f t  loss .  Baf- 
f l e s ,  c a l l ed  d r i f t  eliminators,  i n the - a i r s t r e am 
leaving t he  tower impede t he  a i r  flow so the  
small water p a r t i c l e s  impinge on the  el iminator  
p l a t e s  and drop back i n t o  t he  tower, thus mini- 
mizing d r i f t  l o s s .  

2.10 The water basin of t he  cooling tower i s  
equipped with a f l o s t  valve t o  prevent 

t h e  water from f a l l i n g  b e l m  a c e r t a i n  l eve l ,  
and an overflow pipe t o  prevent t he  water from 
r i s i n g  above a c e r t a i n  level .  There is a l s o  a 
drainpipe f o r  emptying t he  basin, and ascreened 
sump f o r  t h e  pump i n l e t  t o  screen out debris.  
Each of t h e  items i s  i l l u s t r a t e d  i n  Figs. 1, 2 
and 3. 

3. OPERATION 

3.01 A s  noted, t he  water i n  a tower i s  cooled 
mainly by evaporation of a port ion of t he  

water a s  it passes through t he  tower. The l a -  
t e n t  heat required t o  evaporate a pound of 
water i s  approximately 1000 Btu. This heat i s  
taken from the  water which does not  evaporate 
and r e s u l t s  i n  a l o s s  of sensible  heat. As 
t he  water surrenders sens ib le  heat,  i ts tem- 
perature  w i l l  drop one degree per  pound f o r  
each Btu surrendered. Applying the  above f ig -  
ures,  t h e  heat absorbed by  t he  evaporation of 
one pound of water w i l l  cool 100 pounds of 
cooling toner  water 10". 

3.02 The cooling tower t heo re t i c a l l y  can con- 
t i nue  t o  cool t h e  tower water u n t i l  the  

water temperature reaches t h e  wet bulb temper- 
a t u r e  of t h e  a i r  passing through t h e  tower. 
When t h i s  l imi t ing  temperature is reached, 
evaporation ceases. However, a cooling tower 
designed t o  cool water t o  t h e  wet bulb tem- 
perature  would be of i n f i n i t e  s i z e ,  so i n  
a c tua l  pract ice ,  towers a r e  designed t o  "ap- 
proach" t h e  wet bulb temperature. The c loser  
t he  f i n a l  water temperature approaches t h e  
wet bulb temperature, t he  l a r g e r  t h e  toner  
must be f o r  a given capacity.  The ac tua l  tem- 
perature  difference between t he  f i n a l  temper- 
a t u r e  of t h e  water cooled by t he  tower and t he  
wet bulb temperature is ca l i ed  t he  Approach of 
t h e  tower. For a i r  conditioning appl icat ions,  . .. 
towers a r e  s ized  t o  provide an approach of 50. 
t o  lo0, usua l ly  7.50. 

3.03 The warm water is fed  t o  t he  tower and 
cooled t o  a c e r t a i n  approach t o  t he  wet 

bulb temperature, t he  temperature d i f fe rence  
between t he  i n l e t  water and t he  ou t l e t  water 
i s  ca l led  t he  Cooling Range of a tower. 
cooling towers used fo r  a i r  conditioning ap- 
p l i c a t i ons  a r e  s ized  t o  provide a cooling 
range of t o  150, usua l ly  lo0. 

3.04 As an i l l u s t r a t i o n ,  a tower which re- 
ceived water a t  950 and cooled it t o  850 

a t  an ambient (surrounding) wet bulb air tem- 
perature  of 780 would have a 103 range (95O -as0) 
and a 7O approach (850 -7E0). Manufacturers 
w i l l  supply range and approach f i gu re s  f o r  
t 9 e i r  towers under var ious wet bulb temper- 
a tu res  and cooling loads. 

3.05 The water cooling tower i s  general ly  used 
with the  l a r g e r  capaci ty  r e f r i ge r a t i ng  

systems. I t s  a l t e r n a t e  water saving device, 
t he  evaporative condenser i s  usua l ly  made i n  
s i z e s  up t o  100 tons. Good design requi res  
t h a t  t h e  evaporative condenser be i n s t a l l e d  
near t he  r e f r i ge r a t i on  equipnent. A cool ing 
tower, on t he  other  hand, may be remotely l o -  
c ~ t e d  from t h e  r e f r i g e r a t i o n  equipment. Thus 
t he  tower is wel l  su i t ed  f o r  i n s t a l l a t i o n s  i n  
which package u n i t s  a r e  mounted on var ious 
f l oo r s  of a mul t i s to ry  building, o r  where t h e  
r e f r i ge r a t i on  equipment i s  i n  t he  basement and 
t h e  tower i s  on the  roof. It i s  a l s o  used with 
cen t r i fuga l  compressors, i n  which t he  re f r iger -  
ant  c i r c u i t  must be kept short .  

3.06 During conditions of l i g h t  load on t he  
r e f r i ge r a t i ng  system, o r  when outdoor 

wet bulb temperatures a r e  low, t he  cool ing 
tower water temperature w i l l  drop. When such 
conditions occur, t he  capac i ty  of t h e  cooling 
tower exceeds requirements and is out of 
balance with t he  load on t h e  r e f r i ge r a t i on  sys- 
tem. Abnormslly low water temperature i n  t he  
condenser causes abnormally low compressor d i s -  
charge pressure. As t he  discharge pressure 
drops, t he  compressor tends t o  l o se  i t s  o i l  t o  
t he  r e f r i ge r an t  piping system, c rea t ing  d i f f i -  
c u l t i e s  i n  compressor l ub r i ca t i on  with t he  
p o s s i b i l i t y  of p lan t  shut down. 

3.07 To minimize p o t e n t i a l  t rouble  of t h i s  
kind, t he  fans i n  t h e  cooling tower may 

be controlled, e i t h e r  by a pressure con t ro l l e r  
on t h e  compressor discharge l i n e ,  o r  by a tem- 
perature  con t ro l l e r  i n  the  condenser w a t e r l i n e  
from the  cooling tower. Such cont ro l s  w i l l  
maintain s a t i s f ac to ry  compressor discharge 
pressure. 

3.08 Another method of con t ro l l ing  t h e  temper- 
a tx re  of t h e  cooled water from t h e  tower 

i s  by means of a modulated by-pass valve which 
by-passes water from t h e  warm water l i n e  t o  t he  
cooled water l i n e  without c i r cu l a t i ng  through 
t h e  cooling tower. The modulated valve i s  op- 
e ra ted  by a modulating type temperature con- 
t r o l l e r  i n  t h e  cooled water l i n e  from the  tower. 

3.09 Normally, operation of t he  r e f r i g e r a t i o n  
equipment and the  tower i s  unnecessary i n  

t h e  winter season, and t h e  tower i s  drained t o  
prevent damage by freeze-ups. However, sometimes 
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on warm winter days t h e  outside a i r  intake 
ducts  a r e  t oo  small t o  d i s s i pa t e  t h e  heat 
developed i n  telephone equipment rooms, and 
t h e  temperatures i n  t h e  switch rooms may r i s e  
t o  an un:omfortable degree. I f  c a r e fu l  study 
shows increas ing  t he  capaci ty  of t he  outs ide 
a i r  duc ts  t o  be impractical,  it w i l l  be nec- 
essary t o  operate t h e  r e f r i ge r a t i on  equipment 
and t he  tower during t he  winter season. When- 
ever t h e  outdoor temperature drops below the  
f reez ing  point ,  i c e  w i l l  form on t h e  intake 
louvers  and t h e  f i l l  of t he  tower. Shuttlrig 
down t h e  tower fan w i l l  i n  most cases melt t he  
ice .  One method of preventing i c e  formation 
on t he  tower when operatiqn during f reez ing  
weather i s  necessary i s  t o  provide a by-pass 
arrangement around t he  spray heads o r d i s t r i -  
bu t ion  deck. The warm water coming from the  
condenser i s  valved off from t h e  spray heads 
o r  d i s t r i b u t i o n  deck and piped d i r e c t l y  i n t o  
t h e  co l l e c t i on  basin i n  such a way a s  t o  
c r ea t e  a swir l ing motion of t he  water i n  t he  
basin. The f i l l  and the  a i r  intake louvers  
remain d ry  and thus can not forni 'ide. The 
warm coldenser water swir l ing i n t o  t h e  basin 
prevents t he  basin from freezing over. 

. CAPACTPY RATINGS 

device i s  ava i lab le  t he  flow of water 
t.hrough t h e  i n l e t  pipe may be measured. 
I f  pump capac i ty  curves a r e  avai lable ,  
t he  amw~nt of water pumped may be de te r -  
mined b-f noting t he  t o t a l  pumping head on 
t he  pump pressure gauges and reading r a t e  
of flow corresponding t o  t h e  head on t h e  
pump curve. 

( c )  Wet bulb temperature of outs ide a i r .  

(d )  Approach. This i s  found by sub t rac t ing  
t he  wet bdlb temperature from t h e  o u t l e t  

water. 

L.OL The information gathered w i l l  give t he  
operating capac i ty  of t h e  cooling tower 

when subs t i tu ted  in the  following formula: 

Cooling cap. i n  tons of re f r ig .  - 
W t .  of water c i rcu la ted  per hr x range 

15,000 Btu/hr/ton 

The r e s u l t  obtained may be checked aga ins t  t he  
manufacturer 's  r a t i n g  tab les  t o  see i f  t h e  
tower i s  performing s a t i s f ac to r i l y .  

h.05 As an example of t he  above t e s t ,  assume a 
tower serving a 300 t on  r e f r i ge r a t i ng  

L.01 Cooling tower capaci ty  r a t i ngs  a r e  l i s t e d  system operating a t  f u l l  capacity. The meas- 
by  the  manufacturer i n t a b l e  form or  i n  a ured rate of water flow is 900 per min- 

s e r i e s  of r a t i n g  curves. The tab les  o r  curves ute (gpm). The i n l e t  water  tenperature  is 95O 
spec i fy  t he  amount of re f r igera t ion  in Of the  ou t l e t  water temperature i s  85O and t h e  wet c apac i t y  t h a t  t h e  tower w i l l  handleundervai-i- bulb air temperature is 750. Substitilting in 
ous conditions of wet b-dlb temperature, i n l e t  

t he  forimla, t he  so lu t ion  i s :  water temperature and gallons per minute of 
water c i r cu l a t ed  through t he  tower. The range 

cap. in tons of refrig. = 
and approach of t h e  tower under varying condi- 
t i o n s  w i l l  a l s o  be  found i n  t h e  t ab l e s  o r  900 gpm x 8.33 lbs /ga l  x 60 min/hr x lo3 range 

curves. 15,000 Btu/hr/ton 

L.02 Cooling towers a r e  s ized t o  remove 15,000 
Btu 's  per hour per t on  of r e f r i ge r a t i ng  

capacity. Since a r e f r i ge r a t i ng  system 
absorbs only 12,000 Btu's per hour per ton, 
t he  ex t r a  3000 B'GJ's capaci ty  of t he  tower 
i s  provided t o  remove t he  heat added i n  com- 
pressing the  r e f r i ge r an t ,  and t h e  heat added 
bj t h e  tower c i r cu l a t i ng  pump. 

L.03 It is possible  t o  make a rough t e s t  on 
t h e  performance of t h e  tower t o  deter-  

minz i f  it i s  functioning properly. The fo l -  
lowing information is required. 

(a)  Cooling range of t he  tower. This is  
found by sub t rac t ing  t he  temnerature 

of t h e  ou t l e t  water f r m  the  temperature 
of t h e  i n l e t  water of t he  tower. 

(b) Weight of t h e  water c i rcu la ted  through 
t h e  towerperhour.  This maybemeasured 

by s eve ra l  means. I f a p i t o t  tube measuring 

Cooling cap. = L lr98 200 
i5,oor 

Cooling cap. = 299.9 tons 

The manufacturer's t a b l e  f o r  t h i s  tower r a t e s  
it a t  300 tons with a lo0 range and 100 approach 
a t  a wet bulb temperature of 75'. This corre- 
sponds with the  t e s t  r e s u l t s  so t h e  tower is 
operat ing properly. 

L.06 If t h e  measured c w l i n g  range is g r ea t e r  
than specif ied fo r  t he  tower it is an in- 

d ica t ion  t h a t  t he  r a t e  of water flow is l e s s  
than design rate .  Generally, cooling ranges 
and water flow r a t e s  follow t h e  following tab le :  

Slow Rate Cooling Range 

2 gpm/ton 1 5 O  
3 gpm/ton lo0 
L gpm/ton 7.5O 
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If t he  measured approach of the tower i s  
grea te r  than specif ied it i s  an ind ica t ion  
t h a t  the  tower i s  n s t  performing properly. A 
higher than  normal approach may be caused b:r 
any of t he  t roubles  l i s t e d  i n  the  t r oub l e  
char t  under t he  sym?to!n of high head pressure. 

5.01 Mechanical d r a f t  cooling towers requ i re  
f r on  303 t o  LOO cfm of a i r  per  ton of 

capac i ty  f o r  e f f i c i e n t  functioning. Obstruc- 
t i o n s  near  the  tower which r e s t r i c t  t he  f r e e  
en t ry  of a i r ,  or  which cause r ec i r cu l a t i on  o r  
sho r t - cyc l i ng  of discharge a i r  i n t o  t he  a i r  
i n l e t  of t h e  tower w i l l  adversely a f f e c t  
tower eff ic iency.  

6. WATZR LOSSES 

6.01 Cooling towers c i r c u l a t e  from two t o  four  
gal lons of water per minute per t o n  of 

r e f r i ge r a t i ng  capacity.  Approximately l% of 
t h e  water c i rcu la ted  i s  evaporated f o r  every 
lo0 of tower cooling range. 

' 

6.02 Since a cooling tower i s  s ized t o  remove 
15,000 Btu' s/hour per t on  of re f r iger -  

a t i n g  capacity,  and s ince  one pound of water 
absorbs 1000 Btu 's  i n  evaporating, t he  
evaporation l o s s  of a tower i s  15 pounds o r  
1.8 gal lons per haur per t on  of capacity. 

6.03 D r i f t  l o s s  through entraining of small 
water p a r t i c l e s  by a i r  flowing through 

t he  tower i s  minimized by d r i f t  e l iminators  
i n  t he  discharge a i r  stream and i s  neg l ig ib le  
i n  a we l l  designed tffaer. D r i f t  from a red- 
wood tower may s t a i n  surroundings due t o  t he  
water leaching tannin from the  redwood. 

6.0h Blow down or  bleed l o s s  i s  an i n t en t i ona l  
l o s s  t o  a drain and i s  adjusted t o  l i m i t  

t h e  concentration of so l i d s  caused by evapora- 
t i o n  of t h e  water. It i s  f u r t h e r  described 
under water treatment i n  t h i s  pract ice .  Bleed- 
i ng  may be accomplished by means of a small 
valved l i n e  from the  warm water i n l e t  pipe of 
t he  tower t o  a drain.  It may be necessary t o  
provide a solenoid valve i n  s e r i e s  with the  
bleed adjust ing valve i f  t h e  bleed l i n e  con- 
t i nues  t o  flow when t he  pump i s  off  and t he  
tower i s  inoperative. The e l e c t r i c a l  connec- 
t i o n s  of t h e  solenoid should be t i e d  i n t o  the  
pump s t a r t i n g  cont ro l  t o  operate only when t he  
c i r cu l a t i ng  pump operates. Another method of 
bleed-off u t i l i z e s  a co l lec t ing  funnel  
i n s t a l l e d  i n  t he  overflow pipe of t he  tower i n  
t he  path of t he  water f a l l i n g  through t he  
tower. The r a t e  of bleed i s  adjusted by means 
of a s l i d ing  l i d  on t he  rectangular  t op  rim of 

t he  funnel.  This type i s  espec ia l ly  su i t ed  
f o r  smaller r a t e s  of bleed where silt  or  
debris  might clog a small bleed l ine .  

7. WATER TREATMENT 

7.01 The m ~ n i c i p a l w a t e r  used t o  f i l l  t h e  
cooling tower and t o  make up water l o s se s  

may be broadly c l a s s i f i ed  a s  e i t h e r  hard o r  
soft .  Generally, rese rvo i r s  supplied pr imar i~ ly  
by t he  surface run-off water o r  r a i n f a l l  have 
sof t  water. Sources supplied by underground 
streams and wel ls  contain dissolved minerals 
and a r e  hard. The hard water tends t o  form e 
s ca l e  i n  the  tower c i r cu l a t i ng  system an.3 
damage t he  woad i n  t he  cooling tower. Soft  
water tends t o  be corrosive t o  t h e  metal i n  
t he  c i r cu l a t i ng  systam due t o  i t s  dissolved 
oxygen and carbon dioxide content.  Treatment 
i s  general ly  necessary, e i t h e r  t o  con t ro l  s ca l e  
formation or  corrosion. 

7.02 The rmnicipal water supply with i t s  d i s -  
solved so l i d s  and gases may no t  have se- 

r ious  s ca l e  forming or  s t rongly corrosive char- 
a c t e r i s t i c s .  However, t he  water which evapor- 
a t e s  from the  tower i n  normal o p e r a t i o n i s  pure 
water. The .mineral impur i t i es  remain behind 
and increase i n  concentration, thus changing 
t he  cha r ac t e r i s t i c s  of t he  water. It i s  pos- 
s i b l e ,  through evaporation, f o r  t he  tower 
watar t o  contain twenty times as  much dissolved 
so l ids  as  t he  make-up water supply. The number 
of times t he  amount of dissolved so l i d s  in t h e  
tower water i s  increased over the  amount of 
dissolved so l i d s  i n  t he  make-UD water i s  c a l l ed  
t he  Cycles of Concentration.   he most bas ic  
and simplest s t ep  i n  con t ro l l ing  s ca l e  or  
corrosion i s  t o  bleed a portion'of t he  con- 
centrated tower water t o  a d ra in  and d i l u t e  
t h e  remainder with f r e s h  make-up water. The 
amo~mt of bleed needed t o  provide var ious cy- 
c l e s  of concentration i s  given i n  t he  following 
t ab l e :  

Cycles of 
Concentration t o  
be Maintained 

2 

3 
L 
5 
6 

7 
8 

9 
10 

Bleed-off Rate, gal.  
pe r  hr. pe r  ton 
of r e f r i g .  cap. 

1.80 

.90 

.60 

. k5 
.33 
.30 

.26 

.22 

.20 
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Scale Control --- 
7.03 If the  mmicipal  water supply i s  hard, 

a s  t he  concentration bui lds  up, t he  
water becomes h i rder ,  and t he  so l i d s  tend t o  
p r ec ip i t a t e  out as  s ca l e  on t he  high temper- 
a t u r e  surfaces  of t he  c i r cu l a t i ng  system, t h e  
water s i de  of t he  condenser tubes. The sca le  
r e t s rd s  t h e  t r an s f e r  of heat from the  r e f r i g -  
e ran t  gas t o  t he  cooling tower water, thus 
decreasing condenser e f f ic iency  and causing 
high colrpressor head pressure. 

7.3b Several methods of con t ro l l ing  s ca l e  
formation a r e  possible.  With moderately 

hard water, by bleeding t o  provide two to th r ee  
cycles  of coqcentration, a t h i n  pro tec t ive  
s ca l e  may be b u i l t  up on t he  condenser tubes 
without se r ious ly  impairing condenser e f f i -  
ciency. However, with t h i s  method, t he  pH 
control  and t h e  bleed r a t e  adjustments a r e  
very  c r i t i c a l  t o  pra-ent  t he  s ca l e  from con- 
t inu ing  t o  bu i ld  up. Generally, s ca l e  for- 
mation i s  more e a s i l y  control led by addlng 
polyphosphates i n  concentrations of t h r ee  t o  
f i v e  ppm. To prevent possible  corrosion by 
t h i s  method e igh t  t o  t e n  ppm of chromate a r e  
added with t h e  polyphosohat~. The bleed r a t e  
should be adjusted toprovide  from three  t o  
f i v e  cyc les  of concentration and t he  pH value 
adjusted t o  6.5 t o  7.5 f o r  wooden towers, o r  
6.5 t o  8.5 f o r  metal towers. 

7.05 I f  t he  water supply is very hard (over 
180 ppm calcium carbonate) it w i l l  prob- 

ab ly  be necessary t o  neu t r a l i z e  some of t he  
a l k a l i n i t y  i n  t he  water with sulphuric acid t o  
ad jus t  t h e  pH value t o  t he  recommended range. 
The t h r ee  t o  f i v e  ppm polyphosphate and e igh t  
t o  t e n  ppm chromate should a l s o  be  added. 
With t h i s  method of treatment,  t h e  number of 
cycles  of concentration allowable i s  general ly  
f ive t o  eight.  

7.06 A s  an a l t e rna t i ve  t o  t h e  treatment sug- 
gested i n  Paragraph 7.0b, t he  make-up 

water supply or  some port ion of it may be fed 
through a Zeol i te  exchange sof tener  which re- 
duces t he  hardness content of t he  water. 

Corrosion Control 

7.07 Corrosion or  rus t ing  i s  t he  l o s s  ofmetal  
i n  t h e  water c i r cu l a t i ng  system, due 

e i t h e r  t o  chemical o r  electrochemical action. 
It may be i n  t h e  form of broad, general ly  cor- 
roded areas ,  o r  i n  t h e  form of severe loca l ized  
p i t t i ng .  Corrosion is acce le ra tedbydisso lved  
oxygen i n  t h e  cooling water andbywater having 
pH values  below seven. The oxygen content and 
t he  a c i d i t y  of t h e  water tend t o  bui ld  up 
because of t h e  oxygen and acid f o d n g  gases 
present  i n  t h e  a i r  drawn through t h e  tower. 

7.08 Chromate concentrations of 303 t o  500 ppm 
afford acceptable corrosion pro tec t ion  

within a pH range of 7 t o  8.5 f o r  cooling tower 
c i r cu l a t i ng  syste.ms. The wooden por t ions  of 
t he  tower a r e  l e a s t  suscept ible  t o  de te r io ra -  
t i o n  a t  a pH value of 7.2. An e f f ec t i ve  and 
l e s s  expensive method of protect ing both wood 
and metal i n  contact with t he  tower water is  t o  
use a mixture of t en  ppm polyphosphate, and 160 
ppm chromate maintaining a pH value of 6.5 t o  
7.5. Bleed-off should be adjusted t o  maintain 
f i ve  t o  e igh t  cycles  of concentrations. The 
pH value, which normally tends t w a r d  t h e  ac id  
s ide ,  may be adjusted by addi t ion of c aus t i c  
soda or  soda ash. I f  the  tower is not  con- 
s t ruc ted  of wood, t he  same chemical treatment 
may be used with a pH range of 6.5 t o  8.5. 

Algae and Sl* 

7.09 Algae i s  a form of p lan t  l i f e ,  greenish 
i n  color ,  which mul t ip l ies  r ap id ly  i n  

water exposed t o  l i g h t .  Slime is a form of or- 
ganic l i f e  which f lour i shes  in dark port ions of 
t h e  water c i r cu i t .  Both growths w i l l  j e d e  
water c i r cu l a t i on  and i n su l a t e  heat exchange 
surfaces  i f  allowed t o  grow. 

7.10 Algae and slime may be removed by  scrub- 
bing manually, by hosing down n i t h a h i g h .  

pressure hose, or by poisoning with chemicals. 
Since t he  use of chemicals does not  requ i re  
shu t t ing  down the  system, it i s  t he  preferred 
means of control.  

7.11 Sodium pentachlorophenate seems bes t  
su i ted  f o r  use a s  an algaecide. It is 

highly tox ic  t o  a lgae and slime l i f e  and has 
no corrosive e f fec t  on t he  tower o r  c i r cu l a t i ng  
system i n  t h e  concentrations recommended. Sodium 
pentachlorophenate may be used in the  slowly 
soluble block form f o r  continuous treatment,  o r  
i n  powdered form f o r  shock treatment. Experi- 
ence w i l l  determine which treatment i s  more 
effective. For continuous treatment,  aconcen- 
t r a t i o n  of 20 t o  30 ppm of sodium pentschloro- 
phenate i s  maintained i n  t h e  c i r cu l a t i ng  water. 
If this does not  tu rn  the  algae fromagreen t o  
a b rvm co lor  a f t e r a f e w  days, shock treatment 
i n  t he  order of 100 ppm should be used about 
once a week. 

7.12 Other commonly used algaecides a r e  copper 
sulphate and chlorine. Copper sulphate 

may cause se r ious  corrosion of s t e e l  i n  t he  c i r -  
cu la t ing  system i f  improperly used. Chlorine 
a s  a hypochlorite i s  very  e f fec t ive ,  bu t  l o s se s  
of t h e  chemical a r e  high when t h e  water i s  aer- 
a ted i n  passing through t h e  tower. This re-  
s u l t s  i n  high cos t s  and d i f f i c u l t i e s  i n  main- 
t a in ing  proper proportions. 
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Wood Preservation 

7.13 Deter iorat ion of the  wood in cooling 
towers may be caused by any of t h r ee  

forms of a t t ack :  chemical act ion,  b io log i ca l  
a c t i on  and mechanical d i s in tegra t ion .  

7.1h One form of chemical a t t a ck  removes 
l ign in ,  t h e  binder t h a t  holds t he  wood 

f i b r e s  together.  Wood sub jec t  t o  t h i s  a t t a ck  
forms long, whit ish,  loose ly  bonded f i b r e s  on 
t he  surface. This form of a t t a ck  occurs i n  
a l ka l i ne  waters which have e i t h e r  s t rong con- 
cen t ra t ions  of sodium carbonate o rh igh 'ch lor ine  
content. It is control led by  keeping t he  pH 
of t h e  water below 7.5, proper bleed t o  limit 
t h e  sodium carbonate concentration, and by 
keeping t he  ch lor ine  content below one ppm. 

7.15 A r a r e r  form of chemical a t t ack  removes 
ce l lu lose ,  a substance s imi la r  t o  l i g n i n  

from t h e  wood, r e s u l t i n g i n a  surface condition 
of long reddish brown f ib res .  It i s  caused by 
t h e  ac id  in water with a pH value below 5. 
Maintaining t h e  pH of t he  water within t h e  
l i m i t s  of 6.5 t o  7.5 w i l l  prevent t h i s  form 
of a t tack.  

7.16 Biological  a t t a ck  i s  caused by  various 
microscopic organisms such a s  bac t e r i a  

and fungi. Redwood normally. contains c e r t a i n  
ex t rac t ives  t ox i c  t o  these organ ismsandres i s t s  
b io log i ca l  a t t ack  unless  these pro tec t ive  ex- 
t r a c t i v e s  a r e  leached out by chemical a t tack.  
Lf t h e  leaching ac t ion  has occurred, t he  wood 
should be protected from b io log i ca l  a t t ack  b y  
t r e a t i n g  t he  water with an algaecide. 

7.17 Biological a t t ack  may revea l  i t s e l f  i n  
t h r ee  d i f f e r en t  condi t ions of t he  tower 

wood. Delamination of t he  wood may occur i n  
which t h e  so f t e r  g r a in  of t h e  wood erodes and 
t he  hard grain s tands out  i n  ridges. Another 
form of b io log ica l  a t t a ck  causes a so f t ,  punky 
center  under a sound exter ior .  A t h i r d  form of 
a t t a ck  does not  change the  appearance of t he  
wood, bu t  weakens t h e  f i b r e s  so t h a t  t he  wood 
breaks cleanly across  t he  g r a in  ins tead  o f w i t h  
a normal sp l i n t e r i ng  action. 

7.19 More c o w l e t e  information on water t r e a t -  
ment w i l l  be found i n  BSP H51.370 "Funda- 

mental Pr inc ip les  of Water Conditioning" and 
BSP H51.371 "Water Treatment, A i r  Conditioning 
Systems." The l a t t e r  sec t ion  descr ibes  water 
analysis ,  types of treatment and procedures f o r  
evaluating t h e  effect iveness  of t he  treatment 
program. 

Precautions - 
7.20 The chromate compounds used f o r  water 

treatment a r e  poisonous. Hands must be 
washed well a f t e r  contact with t h i s  chemical. * 

7.21 Sodium pentachlorophenate a l s o  i s  poison- 
ous and care  must be exercised inhandl ing 

it. Dust from t h e  chemical is  i r r i t a t i n g  t o  
mucous membranes and both t h e  dust  and water 
so lu t ion  may be i r r i t a t i n g  t o  t h e  sk in  if ex- 
posure l a s t s  longer than f i v e  minutes. 

8. PRWENTIVE MAINTENANCE 

8.01 The preventive maintenance procedures 
out l ined i n  t h i s  p r ac t i c e  apply genera l ly  

t o  a l l  cooling towers. For more spec i f i c  in -  
formation, r e f e r  t o  maintenance manuals pub- 
l i shed  by t h e  tower manufacturer or  b y  t h e  sup- 
p l i e r  of the  mater ia ls  used f o r  maintenance, 
e.g., packing mater ia ls ,  o i l s ,  greases, e tc .  
Charac te r i s t i cs  of var ious l ub r i can t s  a r e  cov- 
ered i n  BSP A710.012, "Materials - Greases, 
O i l s  and Cleaning Fluids ."  Deta i l s  of f a n  and 
bearing maintenance a r e  covered i n  BSP H51.317, 
"Inspection and Maintenance of Vent i l a t ing  Fans. " 

8.02 A d a i l y v i s u a l  check may be made t o  de t ec t  
abnormal operating conditions or  i nc ip i en t  

troubles.  The d a i l y  check would cover: 

(a)  Unusual noise.  

(b) Circulat ing pump gauge pressures.  

(c )  I n l e t  and o u t l e t  water temperatures. 

( d )  E l e c t r i c  motor temperatures. (Hand t e s t )  

7.18 Mechanical d i s i n t eg ra t i on  sometimes occurs (e )  Proper flow and d i s t r i bu t i on  of water. 
i n  t he  s ec t i on  of t he  tower exposed t o  

a l t e r n a t e  wet t ing and drying action. The wood ( f )  F loa t  valve functioning. 
absorbs water w i t h i t s d i s s o l v e d  salts when wet, 
and i s  ruptured by  t he  c r y s t a l l i z a t i o n  of t he  (g) V-belt and coupling appearance. 
s a l t s  a s  t he  wood d r i e s  out. Damagetothewood 
from t h i s  ac t ion  may be minimized by proper (h) Water treatment f a c i l i t i e s .  
bleed t o  l i m i t  t h e  concentrations o f s a l t s ,  and 
by pe r i od i ca l l y  scraping o r  hosing down s a l t s  ( i )  Condition of suc t ion  screen. 
which form on t he  surface of t h e  a l t e r n a t e l y  8.03 Periodic maintenance rou t ines  a r e  l i s t e d  
wet and d ry  wood sections. i n  t he  following chart .  



8.0h Maintenance Schedule f o r  Cooling Towers 

Minimum 
Item - Routine -- Frequency 

Ba l l  bearings Lubricate  a s  per instruc-  Every 3 t o  6 
i n  fans,  pumps t i o n s  i n  BSP H51.317 orman- months 
and e l e c t r i c  u f ac tu r e r ' s  instruct ions.  
motors. 

Flush out, check f o r  rough- Every 3 years 
ness  or  excessive play. 
Relubricate.  

Sleeve type Check o i l  cup leve l .  Add Monthly 
6 bearings i n  o i l  i f  necessary. See 

fans, pumps BSP H51.317 f o r  ins t ruc t ion .  

and Drain and f l u sh  bearings. Every 3 years  
motors. Check f o r  wear, scoring, ex- 

cessive play, o i l  s l i nge r  
r i ng  operation, seals .  Re- 
f i l l  wi th  o i l .  

Fan dr ive  re-  Stop fan, and a f t e r  severa l  Weekly 
ducing gear minutes check f o r  proper 
box. gear box o i l  l eve l .  Add o i l  

& check f o r  l eaks  i f  lon. 
Drain c o ~ l e t e l y  and r e f i l l  
if high. (Water contamina- 
t i o n  r a i s e s  o i l  l eve l . )  

Drain sample of gear box o i l  Monthly 
and check fo r  water d rop le t s  
o r  white or  yellow s t reaks  
ind ica t ing  moistilre contun- 
inat ion.  Drain and r e f i l l  
i f  moisture is found. 

Change gear box o i l .  Every 3 
months of 
operation 

Check coupling t ightness .  Every 3 months 

Drain and disassemble gear A t  annual 
box, checking shaf t  play, shutdown 
worn areas  on gear t ee th ,  
corrosion. I f f  ound s a t i s -  
f a c to ry  reassemble and f i l l  
completely with o i l  t o  pre- 
vent  corrosion during i d l e  
period. Cover with tarpau- 
l i n .  

Drain gear box o i l  and re- Annual s t a r t -  
f i l l  t o  proper level .  UP 

Tower Basin Check pump intake screen f o r  Weekly 
breaks, clogging. 

Check f o r  s i l t  o r  debris  i n  Monthly 
basin and clean i f  neces- 
sary. 

Test water treatment con- Weekly 
centrat ion,  pH value, bleed 
ra te .  

Mater ia ls  Used 

Short f i b e r  medium consistency a l l  
purpose soda soap basegrease or  
mlnufacturer 's  recommendations. 

Flush with mineral s p i r i t s .  Re- 
lubr ica te ,  f i l l i n g  bearing 1/3 f u l l  
of grease a s  above. 

SAE 20 o i l  f o r  ambient a i r  temper- 
a tu res  of 30° t o  9OOF or  manufac- 
t u r e r ' s  recommendations. 

Flush with mineral s p i r i t s .  R e f i l l  
with o i l  a s  above. 

Use o i l  a s  spec i f ied  by manufac- 
t u r e r .  The o i l  type i s  general ly  
found on t h e  name p l a t e  of t h e  gear 
box, and i s  a waterproof o i l  with a 
spec i f i c  g rav i ty  higher than water. 

Manufactllrer ' s  recommendation a s  
above. 

Manufacturer's recommendation as 
above. 

Manufacturer's recommended o i l .  

Manufacturer's recornended o i l .  

High pressure hose, s t i f f  brush. If 
a wet pick-up vacuum cleaner  i s  
avai lable ,  tower need no t  be drained 
t o  c lean s i l t  and debris .  

pH measuring k i t ,  chromate compara- 
t o r  k i t .  Chloride t e s t  k i t .  
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M i n i m  
Item - Routine Frequency 

Drain, clean thoroughly, A t  annual 
check f o r  de te r io fa t ion  or  shutdown 
corrosion. Make feplace- 
ments, o r  r e p a i r s  found 
necessary on inspection. 
Paint where necessary. 

Close drains,  r e f i l l  t o  Two weeks be- 
swell  wood. f o r e  annual 

start-up. 

Tighten basin bo l t s ,  caulk A t  annual 
where necessary t o  s top  s tar t -up 
leaks. 

Tower d i s t r i -  Check f o r  proper, even Monthly 
bution basins,  break-up and d i s t r i bu t i on  of 
troughs, noa- water flow over f i l l .  Clean 
a les ,  f i l l  i f  necessary. 

louvers and Clean thoroughly, check f o r  A t  annual 
de te r io ra t ion  o r  corrosion, shutdown 
replace, r epa i r  o r  repaint  
a s  necessary. 

Fan Visual ly  check f o r  f a n  Weekly 
blade damage. Check weep 
holes i n  hollow blades f o r  
clogging. Check while i n  
operation fo r  v ibra t ion  or  
tower sway ind ica t ing  un- 
balance. 

Check mounting b o l t  t i g h t -  Monthly 
ness,  pul ley s e t  screws. 

Check b e l t  alignment, Monthly 
t igh tness ,  and condition. 

Clean blades, pa in t  if nec- A t  annual 
essary. Check f an  balance. shutdo.m 

Remove b e l t s  and s t o r e  i n  A t  annual 
protected locat ion.  Paint  shutdown 
pul ley  sheaves t o  prevent 
corrosion. 

Replace be l t s .  A t  annual 
s ta r t -up  

Check s t u f f i n g  box f o r  Monthly 
proper leakage. 

Repack pump. Be su r e  t o  A t  annual 
remove packing behind metal  shutdown 
l an t e rn  s e a l  ring. Be sure  
l an te rn  s e a l  r ing  i s  re- 
placed i n  proper position. 
I n s t a l l  r i ngs  with j o in t s  
staggered. 

Check coupling alignment, A t  annual 
coupling t igh tness ,  bushing shutdown 
condition. 

Mater ia ls  Used 

High pressure hose, s t i f f  brush f o r  
cleaning o r  vacuum pick-up. 

Oakum and p i tch ,  o r  caulking com- 
pound. 

High pressure hose, s t i f f  brush. 

High pressure hose, wire  brush, 
scraper. 

Rust preventive paint.  

Square graphited asbestos packing 
cu t  i n  r i ngs  with diagonal joints .  
Pump packing tool. 
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It em - Routine - 
Drain water from pump, 
leaving d r a in  plug out. 

Replace pump dra in  plug. 

Overhaul pump, inspect  
shaf t ,  impeller and wearing 
s e a l  rings. 

E l e c t r i c  Clean windings by removing 
motors end be l l s .  

Controls f o r  Check condition ofcontacts .  
e l e c t r i c  Replace when s i l v e r  thick- 
motors. nebs i s  reduced t o  1/3 
Caution: Be of o r i g ina l  s ize .  F i l e  
sure  pare r  is  large project ions.  Surface 
OFF before  condi t ions s imi la r  t o  rough 
~ e r f  orming sandpaper a r e  sa t i s fac tory .  
rout ines .  Do not  f i l e  smooth. 

M i n i m  
Frequency 

A t  annual 
shutdown 

A t  annual 
s ta r t -up  

Mater ia ls  Used 

Every 3 years New pump gaskets. 

Every 3 years Vacuum cleaner  o r  blower, so f t  
brush. 

Monthly 

Check braided shunts tomov- Monthly 
ing contacts  f o r  broken o r  
burnt strands. Replace i f  
damaged. 

Operate moving contacts  b y  Monthly 
hand t o  check f o r  bindingor  
improper meeting of contact 
surfaces.  

Check t igh tness  of all elec- Annually 
t r i c a l  connections. Check 
fu se  c l i p s  and switch con- 
t a c t s  f o r  t igh tness  o r  dis- 
co lora t ion  of copper indi- 
ca t ing  poor contact. 

Wipe magnet sea l ing  sur- Monthly 
faces  in s t a r t e r  box. 

L in t  f r e e  c lo th ,  s l i g h t l y  mois- 
tened with o i l .  

9. TROUBLES supplied t o  the  condensez. With warmer water in 
the  condenser, t he  discharge pressure gauge of 

9.01 Since t h e  funct ion of a cooling tower is ,the rise. Thus the discharge 
cool water used by the in a pressure gauge of t he  compressor i nd i ca t e s  t h e  

r e f r i g e r a t i o n  system, any t r oub l e  in a tower r e l a t i v e  e f f ic iency  of t h e  cooling tower. 
genera l ly  r e s u l t s  i n  warmer water being 

9.02 Trouble Chart f o r  Cooling Tower 

Symptom Trouble Possible  Cause Remedy 

e High head pres- 1. Insuf f ic ien t  a. B l m  fuses ,  t r ipped  over- a. Find cause of f a i l u r e ,  re-  
sure.  Liquid a i r  through load re lays ,  o r  t r ipped pa i r ,  and replace fuses  o r  
r e f r i ge r an t  i n  tower. (Less v ibra t ion  switch r e s e t  overload r e l ay  o r v i -  
bottom of con- than 300 t o  b ra t ion  switch. 
denser o r  re-  '0° cfm/ton b. Motor and f an  running b. Reverse motor leads. Lf not 
ceiver  very  of capacity.) backwards. a new i n s t a l l a t i o n ,  check 
warm. Compres- 
s o r  may cu t  f o r  recent  paver changes. 

out  on high Lf a s i ng l e  phase capaci tor  
head pressure. s t a r t .  motor, check f o r  s tuck 

centrifugal start ing switch 
i n  t h e  motor. 
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Symptom Trouble Possible Cause 

c. Low vol tage t o  f a n  motor. 
(Over 1@ difference in 
ac tua l  and r a t ed  vol tage 
is bad f o r  motor.) 

d. Fan dr ive  s h a f t  or  fan 
dr ive coupling broken. 

e. Gear box frozen o r  binding. 

f .  Loose motor pul ley o r  f an  
pulley. 

g. Fan b e l t s  s l ipp ing  or  
broken. 

h. P i tch  s e t t i n g  on f an  
blades changed due t o  
loose s e t  screws. 

i. Obstructions in f i l l ,  
louvers  o r  eliminators.  

2. Insuf f ic ien t  a. Clogged s t r a i n e r s  in c i r -  
water c i r -  cu la t ion  piping. 
culation. b. Clogged pump in take  

screen. 

c. Clogged spray nozzles. 

d. Scale in l i n e s  o r  con- 
densers. 

e. Pump coupling loose o r  
broken. 

f. Eroded pump impeller. 

g. Pump packing t oo  t i g h t  o r  
binding on shaft .  

h. Low vol tage t o  pump motor. 

i. Blown fuses o r  t r ipped 
overload relay. 

j. Pump motor running back- 
wards. 

k. F loa t  valve stuck closed. 

a. Spray nozzles, d i s t r ibu-  3. Insuf f ic ien t  t i o n  nozzles o r  d i s t r i bu -  
water break- 
~~~~ t i o n  troughs clogged with 
UP. algae or  debris.  

b. Collapsed, broken, miss- 
i ng  o r  warped f i l l .  

Remedy 
c. Increase wire s ize .  Consult 

Power Co. Change t a p s  on 
owned transformers.  

d. Replace dr ive  shaf t  o r  
coupling. 

e. Repair gear box. 

f .  Align pul leys  and t i gh t en  
s e t  screws. 

g. Adjust b e l t  t ens ion  o r  re-  
place b e l t s  with matched 
se t .  

h. Reset p i t ch  on blades t o  
proper angle and t i gh t en  
s e t  screws. Check motor 
cur ren t  afterwards t o  s t a y  
within motor cur ren t  ra t ing .  

i. Clean f i l l ,  louvers  and 
eliminators.  

a. Clean s t r a i ne r s .  

b. Clean screen. If algae, 
see  Sec. 7. 

c. Clean nozzles. 

d. Chemically remove scale ,  
t r e a t  water t o  prevent 
recurrence. 

e. Repair or  replace coupling, 
check alignment. 

f .  Replace impeller.  

g. Loosen or  rep lace  packing. 
Check fo r  damage t o  shaft. 

h. Increase wire s ize ;  consul t  
Parer Co. 

i. Find cause and rep lace  fuses  
or  r e s e t  relay. 

j. Change power leads.  If not  
a new i n s t a l l a t i o n ,  check 
recen t  power change-over. 

k. Repair f l o a t  valve. 

a. Clean, t r e a t  water f o r  a lgae 
i f  necessary. See Para- . 
graphs 7.07 through 7.12. 

b. Replace o r  r epa i r  f i l l .  
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Symptom Trouble Possible Cause 

1. Tower d i s -  a. Intake and discharge of 
charge a i r  tower t oo  close. 
rec i rcu la t -  
ing i n t o  b. Discharge a i r  leaves a t  
tower in- too low velocity.  
take. 

Noisy operera- 1. Complaint of a. Gear box or  f an  dr ive  shaf t  
t ion.  bui lding worn or out of alignment. 

occupants Or b. Pump, f a n  or  d r ive  motor 
neighbors. bearings worn. 

c. Fan unbalanced. 

d. Pump or  f a n  coupling worn 
o r  broken. 

e. Fan b e l t s  loose. 

f. Three phase motor operat- 
ing on s ing le  phase due 
t o  f a u l t y  wir ing o r  blown 
fuse. 

Remedy 
a. I n s t a l l  b a f f l e  o r  duct  work 

t o  separate  intake and d i s -  
charge areas. 

b. Increase f a n  speed o r  f a n  
blade pi tch;  do not  over- 
load fan motor i n  making 
change. 

a. Repair or  real ign.  

b. Replaoe bearings. 

c. Balance fan. 

d. Repair coupling. 

e .  Adjust b e l t  tension. 

f. Repair wiring o r  replace 
fuse. 
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Fig. 2 - Induced Draft Counter-Flow Cooling Tower 
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