ISLAMIC REPUBLIC OF IRAN Ol p! ool (5 900
MINISTRY OF PETROLEUM LN 13

: A ., ﬂ.\\ i \‘.\‘ 9
IRANIAN PETROLEUM STANDARDS
Ol Cdi gl jlusliwl

IS

IPS-G-ME-160 (2)

GENERAL STANDARD
FOR
WATER COOLING TOWERS

SECOND REVISION
OCTOBER 2009

(S0 90 S ylustew!
: G
ol cusS Ko sl

p9S (ywalyg
YWAA &bl

DEPUTY MINISTER Jo ca by g waig Chglee

0)2

ENGINEERING & LOCAL MANUFACTURING
RESEARCH & STANDARDS Lo jlaibin] g &by





























































IE Oct 2009 / \YAA ;LT IPS-G-ME-160(2)

uSS SCS g

(YL b ads) 448 ,L5

sl b

&y 0SS gy
»)09°

Xy

odigy g (30

Fig. 2-DRY BASIN OPERATION
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6.6.7.3 Electric immersion heater or steam
heating methods

Electric or steam heating energy may be used
to warm up the basin water.

6.6.7.4 By pass circulation method

This method prevents both the water in the
basin and exposed pipes from freezing which
shall have a typical arrangement as shown in
Fig. 3 the flow of water in the by pass
circulation circuit shall be 5% of the total
water flow rate in the main circulation system.
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Fig. 3-BY PASS CIRCULATION SYSTEM
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Notes:

The descriptions of the components shown in Fig. 3
are as follow:

A = By pass circulation pump

S = Magnetic starter

H = A small instantaneous water heater
V3= Globe valve

V= Gate valve

C; = Check valve

T = Immersion thermostat

T, = Thermostat and heating cable to protect the
make up line

V, = Gate valve

V, = Globe valve

6.7 Water Basin Design
The following factors should be considered in the
design of water basin:

a) It shall be designed to be located under
packings area.
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b) Collecting points of foreign materials shall be
provided in the floor of the cooling tower and if it is
possible, arge capacity clean out drains similar to
what is shown in Fig. 4 shall be provided. The basin
floor shall be properly sloped towards the collecting
points of foreign materials, drain points and the lean
out drains (if provided), to permit removing
sediments and foreign materials. If proper drainage
channel or reservoir for gravity drainage of basin
could not be provided, clean out drains similar to
what is shown in Fig. 4 with a drainage pump shall
be provided to discharge the drained water to safe
drainage or disposal system.
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c) Over flow facilities shall be provided in
the design of the basin and indoor tank.
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d) Basin and indoor tank shall be provided with
control valve and level controller connected to
the make up water system to adjust the water
level in them unless otherwise specified.

e) The circulating pump, basin location and
indoor tank location shall be prepared in a way
that available net positive suction head (NPSH)
for pump is more than required NPSH at whole
operating range of the cooling tower.

f) Basin shall be divided, if practicable, into
separate divisions to enable to put each one out
of service without interrupting the operation of
remaining parts. Each basin division shall be
sloped towards collecting points of foreign
materials, from where it shall also be possible
to drain the relevant basin section.

g) The capacity of basin or indoor tank
(depending on the situation) shall be
determined considering the following points:

- Item 8.3.2 of BS 4485: Part 3: 1988.

- The effective water capacity of basin or
indoor tank shall be enough for a minimum of
10 minutes based on the design water flow rate
and normal operating water level.

h) In special cases where there is a high content
of suspended solids in the water, side stream
filtration as shown typically in Fig. 5 may be
provided to filter very small particles subject to
purchaser’s requirement. It shall be sometimes
necessary to provide it along with other proper
filtration and treatment systems.
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Fig. 5 TYPICAL SIDE STREAM FILTERATION SYSTEM
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i) For concrete basins, the water velocity
inside the basin at any point shall not be
less than 0.3 m/sec at full load condition.

6.8 Sitting, Orientation, Spacing and
Environmental Considerations

6.8.1 Sitting, orientation and spacing

6.8.1.1 Tower level

The cooling tower shall be located either
above or below the heat source considering
the following points:

a) The "NPSH" available for pump shall be
more than required "NPSH".

b) It shall be possible to face with the drain
back from the system (when the circulation
system stops), with a proper design without
any flooding and loss of water.

6.8.1.2 Air restrictions

The cooling tower shall be located in a
position to provide a minimum of twice the
area of the tower inlet opening. Air flow
restricting objects may be barriers, equipment,
buildings, enclosures and any other object.

6.8.1.3 Recirculation and orientation of the
cooling tower

Clause 6.2.4 of this Standard shall be
considered.
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6.8.1.4 Interference

The type, shape and location of the cooling
tower shall be so selected and designed, so
that the interference effect will be optimized.

6.8.1.5 Spacing
Clause 5.3 of BS 4485: Part 3 shall be
considered.

Note:

For air restrictions, orientation of cooling
towers, optimization interference of cooling
towers and spacing selection and design see
figs 6,7.8.
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The % of tower length separation is primarily
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6.8.2 Environmental considerations

The effects of drift, blow out, fogging and
noise are some of the contributing factors that
shall be considered as follow, when siting
cooling tower installation:

6.8.2.1 Reducing the drift effects

In order to reduce the drift effects, the
following points shall be considered:

a) The cooling tower shall be located in a
place that considering the direction and
speed of prevailing wind, the drift will not
be spread over nearby roads, buildings,
equipment, residential areas and etc.

b) The eliminators shall be installed
correctly not to have any gap between
themselves and structure to prevent
escaping the water droplets.

c) Spacing Dbetween packings and
eliminators shall be increased sufficiently
to have enough time for the droplets to fall
before they reach to the drift eliminators.
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6.8.2.2 Reducing the blow out nuisance

Where the blow out creates a nuisance, it shall
be reduced by one or a combination of the
following means:

a) Diagonal partitions or central division
shall be situated so that the prevailing wind
is prevented from blowing across the tower
basin.

b) Inclined louvers boards shall be
positioned around the air opening at the
base of the tower, sections of which shall be
removable to permit access.

6.8.2.3 Reducing the fogging and plume
nuisance

A combination of the following actions
shall be taken:

a) Considering the direction and speed of
prevailing wind, the cooling tower shall be
located in a place to have the optimum
possible hazard.

b) Heating the moist air before leaving the
cooling tower as shown in Fig. 9 to reduce
fogging.

c) Discharging the fan stacks warm vapors
at higher levels.

‘swb 9 Mo uu..blf Y-Y-A-¥

Lol oS e JSie ady OF Bl ep S olr 0
e ool T 5 S S b sledgy 5

ol als
Wb (655 p0 00iS el b jge cauSTas o)lgs (A
T azos Ol 5l Cdle ol (hig 5l aS Wi S 18 6k
2l 6ogys SLbI Wl s sl ySol wlis (0

oraloy BBl ol 5l aledse WS 18 @ onb
AR (i o)'L?‘ b ML’

ST do OISl S Y-Y-A-$

D8 Syge Wb g Sleladl ) Sy

hi o bas o8 18 Sl jo b eaisS S5z (A
Wl ) (Soe st dge QI b S 5 g B
S S5y s ) U 5 sl o5 oF (0
do ualS jelaie 4y ool colo lad A S o asdl Billas
Sl

AV 15 50 b sl iSogs o F Sl b (g

HOT WATER
INLET

)
ATER oo
*"” ER  |MTERMEDIATE WATER

Y \ Sho ol

\ e
@ *‘mﬁ\ \ﬁ.y

WATER

HOT WATER  p)5 <l 69959
IMLET

|

WET lII WET |
QQ;I".I <;rc‘.izm I|,"I SECTION ,-'ll&?
%}a"l / -!/7
1 ——F
Fig. 9
s



IE Oct 2009 / \YAA ;LT IPS-G-ME-160(2)

6.8.2.4 Blow down and draining
Standard IPS-E-SF-880 shall be considered.

6.8.2.5 Noise level

IPS. Standard [PS-G-SF-900 and the
following points shall be considered:

a) Clause 5.4.7.7 of BS 4485: Part 3.

b) Enclosing the cooling tower by sound
attenuating barriers shall be used, subject
to purchaser’s approval, in places where
high limitation on sound level exists.

6.9 Mechanical and Electrical Equipment
6.9.1 Fans

6.9.1.1 Fan laws and formulas
Standard [PS-E-PR-755 shall be applied.

6.9.1.2 Fans types

For selection of the fans type, their number
and major design requirements, the following
factors shall be considered:

a) Cooling tower type and arrangement of
components.

b) Design requirements of the cooling
tower.

c) Air flow rate through the cooling tower.

d) Pressure drop of air path in the cooling
tower.

e) Noise level restrictions.
f) Input power to the fans.
g) Location of installation.
h) Available area for the cooling tower.
i) And the requirements described in
Clauses 6.9.1.2.1 t0 6.9.1.5.
6.9.1.2.1 Axial flow (propeller) fans

This type of fan shall be used in low static
pressure drop cooling towers where high
quantity of air flow rate is required. The
following aspects shall be considered in the
design and fabrication of this type of fans:
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a) They shall be equipped with manually
adjustable pitch blades at least for the
range of 0° to 22° enabling the fan to be
applied over a wide range of operating
horsepower.

b) Fans shall be designed to operate at tip
speed not more than 61 m/sec.

) The fans shall be in dynamic and static
balance with a minimum of noise.

d) They shall be designed to have uniform
air velocities across the effective area of
fan.

e) They shall be mainly used in the induced
type mechanical draught and fan assisted
natural draught cooling towers. In these
cases the fan shall be of a material, or have
a protective finish that will resist corrosive
effects of warm and humid operating
conditions. Protective finishes shall be
capable of withstanding the errosive effect
of impacting water droplets.

6.9.1.2.2 Centrifugal flow fans

These type of fans shall be mainly used for
indoor installations of forced draught cooling
towers. The fans of the forced draught type
cooling towers may be affected by dust and
debris (depending on the ambient air
conditions), so preventive provisions shall be
provided and more over they shall be mounted
so that any water entering the fan casing
drains back into the cold water basin.

6.9.1.3 Natural frequency of fan

Fundamental natural frequency of fan blades
shall not coincide with any source of vibratory
excitation (any shaft speed) in the range from
10% below minimum operating speed to 10%
above maximum operating speed.

6.9.1.4 Applicable standards

The two following standards
considered wherever applicable:

IPS-M-PM-230 "Special Purpose Centrifugal
Fans"

IPS-M-PM-235 "General Purpose Centrifugal
Fans"

shall be
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Protection guards shall be provided, wherever

applicable, for fans, driver shafts and D¢ ds bla> wb wnl
couplings.

6.9.2 Gearbox oS dax> Y-4-§
Gearboxes shall meet the following wisled bl ) 5 Sl gl b o eass an
requirements:

a) It shall be double reduction, spiral bevel
right angle type, with AGMA service
factor of not less than 2.0 based upon
driver horsepower.

b) It shall be sealed to prevent moisture
leakage at the shafts

¢) Thermal rating of the gearbox shall be
ample for operation without oil cooling.

d) Connection of the gearbox for oil filling
and oil level observation shall be extended
to the outside of fan stack (cylinder).

e) An oil level indicator shall be provided
with a cut off switch on the oil circuit to
shut off the fan motor at low oil level.

f) The output shaft bearings shall have an L
10 life of 100,000 h. as defined in BS ISO
281: Part 1. As this produces reversing
radial loads on the bearings, special
consideration shall be given to the
relationship between bearing clearances,
fan bearing span and diameter.

g) The -elevated temperature of the
surrounding air during normal operation
shall be taken into account and, when
located in a very «cold -climate,
consideration shall be given to the
problems of a cold start.

h) Double oil seals are a preferred feature
to minimize the risk of oil leakage or
ingress of moisture.

Gearboxes mounted in the induced
draught-position, i.e. in the areas of near
100% humidity, shall be provided with a
remote vent carried to the outside of the fan
stack to minimize the risk of condensation
from breathing moisture-laden air.
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Lubrication, grease pipes and oil-level 2wl o) e Gl Sl g e S sle W) s,

indicators shall be taken to the outside of momig e Slidas el B aigl ools 1,8 48 abge (ygpm

the fan to facilitate servicing. S g |y oS
6.9.3 Drive shafts and couplings LTy o5 9 0ais )5 (slv 920 Y-1-F
The following aspects shall be considered in 1S 8 S e 0is )5 slajsme (b 0wl ) 0)lse
design of drive shafts:

a) Shafts shall be tubular with non oaitd (5, ueg, Sihss Lol Ay Wb o jeme (A

lubricatleg Tho;nas c?;:xible COll..lpliIIg Type 1 3 sy @l Jobee U T g oy iy illasl

or equal for induced type cooling towers. sl t5n onisS

b) Drive shafts shall be properly balanced. gl Vb oo Ojp0 4 b odis S sla g (&

c) Drive shafts shall be capable of being O)ge 59) sazme iVl Skl Wb enis S lajee (g

rebalanced (if ngcegsary) and accepting sl ansls 1) 5950 @ob 5l Sl ye iy s G

some degree of misalignement.

d) Hollow rotating components shall be Sl Sgi 5L igd gany s b oS J g 12l (0

sealeq to preyent water ingress or be I el b ws S aldss e Sy 4 b onS oSl

effectively drained to prevent accumulated _ . AL & s . S T v

water impairing the balance. 235 095 (00 Vb 4 035 el czge &8 Ol e
6.9.4 Supports for mechanical equipment L2 ygig0 95801 g (Sillo Ol g 00yl P-4
and drive motors sis,§
Considgration shjall be given to the following 10505 L8 de b o)l (A o Jelse
factors in the design of supports:

a) The supports shall be designed to PO R U S I I S Sy VERVIE R RVPRVA Sl O

minimize possible moyement between the 4 ods A 5 eme (58 S e dsgese sl i S

elements of the fan driver assembly, shaft . 5

and gearbox. eyt (e Jilo

b) Possible corrosive conditions. ez 00i 93 Lyl il (0

¢) The vibratory loads from the fan unit. Slilste 5 58 5l (26 LAl sl b (2

d) The excess force arising from possible lsend e slo 23 5l Jolo Ll lagys (o

damage to any part of complete fan and S e 5 0 JelS dcgan

drive assembly.

e) Additional requirements mentioned in Sl 5 s jo ead S8 Sl bl (@

BS 4485: Part 4. .BS 4485
6.9.5 Vibration cut out switch ool adad als b-4-7
One vibration cut out switch and alarm shall Sl o8 5o sl b ylas edlel 5 Giles )l alad ollS” S5
be p.rovided for each fan with the following g a3
requirements:

a) The cut out switch shall be provided 20,5 eal 8 Al 5l (g m b @ wls (I

outside the fan ring.
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b) In case of excessive vibration, the cut
out switch shall shut down the fan
automatically and permit restarting and
manually reset. The vibration switch shall
be suitable for resetting the switch without
disassembly.

c) Provisions shall be made for adjusting
the vibration switch so that it may be set
above the vibration level of mnormal
operation and/or will not trip out during fan
start up.

d) Vibration cut out switches shall be
preferably ball type.

e) Vibration cut out switches shall be
tagged with identifying tag numbers.

f) Vibration cut out switches shall be
weather proof.

6.9.6 Keys and keyways

Keys and keyways shall be according to BS
4235: Part 1.

6.9.7 Valves

The valves mentioned in Clauses 6.9.7.1 to
6.9.7.3 shall be provided as a minimum:

6.9.7.1 Stop valves

Stop valves shall be provided considering the
following requirements:

a) Stop valves shall be provided in
accessible positions.

b) In cooling towers with multiple risers,
separate stop valve shall be provided on
each riser to regulate the flow in individual
risers and/or stop flow in particular riser
during partial maintenance of the cooling
tower parts.

c) These valves shall be normally of gate or
butterfly type depending on the purchaser’s
requirement

d) Stop valves shall be provided for both
crossflow and counterflow type cooling
towers in single riser and multiple risers
systems.
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6.9.7.2 Flow control valves

Flow control valves shall be provided
considering the followings:

a) They shall be in accessible positions.

b) They shall be installed in crossflow type
cooling towers to equalize flow between
distribution basins of a tower cell as well as

between cells of multi-cell cooling towers.

c) It shall be possible to use these valves to
shut off flow to selected distribution basins
for interim cleaning and maintenance
purposes when other parts of the cooling

tower are in operation.

6.9.7.3 Make-Up valve

Make-up valve shall be provided in the make-
up water supply line to replenish the normal
water losses from the system, automatically.

6.9.8 Fan motor

Fan motor shall be designed as per following
requirements:

a) Motor shall be designed and selected for
installation in hazardous area Class 1, Div.
2 as specified in IPS-E-EL-110.

b) Fan motor shall not be placed in the air
stream but shall be mounted in a location
easily accessible for maintenance.

Fan stop push buttons to be located at
ground level and start-stop push buttons to
be located at fan level will be furnished by
purchaser.

c) Fan and motor shall be designed for
continuous operation.

d) Fan motor shall be in accordance with
IPS-M-EL-132 "Induction Motors".

The motor shall be explosion/flame proof
with two or variable speeds operation
depending onthe design requirements.

Motor horsepower shall be sufficient to
meet the fan requirements at maximum
required pitch angle and design speed.
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e) Motor shall have ratings, including
service factors for fan and gear, at least
equal to the following percentage of the
rated brake kW of fan including gear loss:

95 08 53, 8es oSl ol ( Slys Wb Heige 95501 (@
(“——“5 9,1..5) 6).Af ‘50....4‘ U‘?" )‘ G2 )0 ).v‘).' JB‘..\} A
bl aldly bl oo 0ais lgy <8l Jols a5T LS 8

Motor Nameplate
Ratings(KW)

bl S 50 7y pled

2990 958 30 55 (ool By o yd

Percent of Rated Brake

(lg olus) ;99 g0 g2l
19 kW & Less 130
22.5-56 kW 120
75 kW & over 115

However, the rated brake horsepower shall not
exceed the motor nameplate rating. Where it
appears that this will lead to unnecessary
oversizing of the driver, an alternate quotation
may be submitted for  purchaser’s
consideration.

6.10 Safety Provisions

6.10.1 General

Safety provisions shall be provided in the
design of the cooling tower and the relevant
auxiliary equipment to minimize all hazards.
The hazards generated by the cooling tower
comprises of the followings and the others
described in the relevant clauses of this
Standard:

a) Hazards generated by electrical,
mechanical and instrumentation equipment.

b) Hazards which may be encountered
during personnel access and possibility of
their trapping, in the extremely humid
conditions, inside the cooling tower.

¢) Environmental hazards.
d) Icing hazard.
e) Fire hazard.

The procedures which shall be followed by the
vendor to minimize the hazards are described
in other relevant parts of this Standard and
Clauses 6.10.2 to 6.10.5 of this part, but,
however, vendor is responsible to provide
provisions for any other hazard which may be
encountered in the cooling towers during
operation and/or shut down.
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PART 2
MATERIALS

7. PURPOSE AND GENERAL
REQUIREMENTS

This part of standard specifies the minimum
requirements for materials of different parts of
the cooling towers and relevant components. In
selecting materials for different parts of
cooling towers described in this Standard,
depending on the specific type of the cooling
tower, the applicable clauses of this Part of
standard shall be considered:

a) The possibility of using treated wood as
the material of any part, shall be declared
by the purchaser to the vendor, otherwise
vendor shall not use wood in any part of the
cooling tower.

b) If wood is going to be used in any part of
the cooling tower, the inlet warm water
temperature shall be limited to the certain
degree not to have mal effect on wood. If
reducing the inlet warm water temperature,
is not possible due to the main plant’s
requirements, then it shall be reduced by
mixing a proper portion of the outlet cold
water with the inlet warm water as typically
shown in Fig. 12. In these cases the cooling
capacity of the cooling tower shall be
increased to provide the cold water required
for mixing with inlet warm water.

c) Plastic materials shall have a flame
spread classification of not more than 25
per ASTM-Eg&4.

d) All metal surfaces which will come in
contact with water and water mist, except
galvanized and stainless steel surfaces, shall
be properly epoxy painted. In accordance
with IPS-E-TP-100.

e) If the location of cooling tower has a
highly hazardous deteriorating condition,
wood shall not be used for any part of it,
unless otherwise specified by the Purchaser.

8. MATERIALS OF CONSTRUCTION

According to the specific requirements of each
project, proper materials shall be selected for
different parts of the cooling tower as specified
in Clauses 8.1 to 8.22.
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8.1 Basin

Unless otherwise specified, basin shall be
constructed of proper reinforced concrete.

8.2 Basin Sump

Basin sump shall be constructed of proper
reinforced concrete or specified material with
enough depth so as the pump not to loose
suction.

8.3 Cooling Tower Framework (Structure)

8.3.1 Framework of the field erected cooling
towers shall be made using one of the
following materials:

a) Steel
b) Reinforced concrete

c) Wood

8.3.2 It shall be noted that if the cooling tower
is to be resistant to fire, reinforced concrete
shall be selected as the material of framework
(Structure). If wood is going to be used for
framework of cooling tower, it shall be
selected and treated as follow:

a) Douglas Fir Wood considering CTI
bulletin STD-114, shall be selected.

b) Wood shall be treated according to the
CTI STD WMS-112 using acid copper
chromate (ACC) treatment. Prior to
treatment, moisture content of the wood
shall not exceed 19% for air dried material
and 15% for kiln dried material. Deviation
from the required penetration or retention,
as determined from specimens
representative  of the condition and
dimensions of the tower components to be
treated, requires approval of the purchaser.

*If water born salts are used, seasoning
after treatment shall be continued for
enough time to complete the chemical
reaction within the wood.

8.3.3 Framework of the factory assembled
cooling towers shall be either steel or wood. If
location of the cooling tower and relevant
processes create corrosive conditions, then
proper wood can be used subject to purchaser’s
approval.
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8.4 Casing

Casing material shall be selected as follow:

a) The casing material of the cooling towers
with reinforced concrete framework shall be
precast concrete panels.

b) The casing material of the field erected
cooling towers with wood or steel
framework, shall be fire retardant fiber
reinforced polyester corrugated panels.

c) The casing material of the factory
assembled cooling towers, shall be
galvanized steel.

8.5 Splash Type Packings
One of the following materials shall be used:
a) Douglas Fir Wood considering Clauses

8.3.2 (a) and (b) of this Standard shall be
used.

b) poly vinyl chloride(PVC) may be used in
locations where there is a low fire risk.

c) Stainless steel may be used when totally
fireproof material is required.

8.6 Film Type Packings

The material of film type packings shall be
high efficiency cellular polyvinyl chloride
(PVC).

8.7 Spray Nozzles

The material of spray type nozzles shall be
ceramic or PVC.

8.8 Louvers

8.8.1 The material of louvers in the field
erected cooling tower with reinforced concrete

framework shall be precast reinforced concrete
or fire retardant fiber reinforced polyester.

8.8.2 The material of louvers in cooling towers
with wood framework, shall be properly
treated Douglas Fir Wood considering Clause
8.3.2 (a) and (b) of this Standard.

8.8.3 The material of louvers in the factory
assembled cooling towers with steel
framework, shall be galvanized steel.
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8.9 Drift Eliminators

8.9.1 If splash type packings of wood material
is going to be used in the cooling tower, then
the material of drift eliminators, shall be
properly treated wood considering Clauses
8.3.2 (a) and (b) of this Standard.

8.9.2 If packing material is PVC, the material
of drift eliminators shall be cellular polyvinyl
chloride (PVC).

8.10 Blade of Axial Flow Type Fans

Blade material of axial flow type fans, shall be
polyester with fiberglass or aluminum cast
according to ASTM B179.

8.11 Blade of Centrifugal Flow type Fans

Blade material of centrifugal flow type fans
shall be steel, being hot dip galvanized.

8.12 Fan Hub

8.12.1 Fan hub material shall be so selected
that it is structurally compatible with blade
weight and loading.

8.12.2 One of the following material shall be
selected as the hub material:

a) Galvanized structural steel.

b) Ductile cast iron (ASTM-A 536)
galvanized per ASTM-A153.

c) Gray cast iron

d) Wrought or cast aluminum For brackish
and sea water services, zinc coated hubs
shall be coated with two coats of coal tar
polyamide epoxy 400 um total nominal dry
film thickness.

8.12.3 If different metallic materials are going
to be used for fan blade and hub, they shall be
separated from each other to prevent galvanic
corrosion.

8.13 Fan Deck

8.13.1 The fan deck material
compatible with framework material.

shall be
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8.13.2 For cooling towers with wood
framework, the fan deck material, shall be
tongue and groove fir plywood.

8.13.3 For cooling towers with reinforced
concrete framework, the fan deck material,
shall be prestressed double-tee sections.

8.13.4 For cooling towers with steel
framework, the fan deck material shall be
galvanized steel. In this case for brackish and
sea water services, fan deck shall be coated
with two coats of coal tar polyamid epoxy 400
um total nominal dry film thickness.

8.14 Fan Stack (Cylinder)

One of the following materials shall be
selected as the fan stack (cylinder) material
depending on the framework material:

8.14.1 For cooling towers with all different
materials of framework, fan stack material may
be fiber reinforced plastic.

8.14.2 For cooling towers with wood
framework, properly treated wood shall be
used.

8.14.3 For cooling towers with steel
framework, steel fan stack shall be used.

8.15 Fan Shaft, Discs, Flexible Coupling,
and Bolting

These components shall be stainless steel Type
304 or Type 316. For brackish and sea water
services these components shall be stainless
steel Type 316.

8.16 Hardware (Bolts, Nuts, Washers, Nails,
Lag Screws and Washers)

Fan bolts and hardware shall be made of
carbon steel, galvanized per ASTM-A 123. For
brackish and sea water services, these
components shall be made of Type 316
stainless steel.

8.17  Supports and Guards for

Mechanical Equipment, Electric Motor
Support, Ladders, Safety Cages and
Gratings

All above mentioned components shall be
carbon steel, hot dip galvanized per ASTM-A
123.
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For brackish and sea water services, zinc
coated carbon steel for mechanical equipment
supports and guards, shall be coated with two
coats of coal tar polyamid epoxy 400 pm total
nominal dry film thickness.

8.18 Packings Supports and Hangers

The supports and hangers of the splash type
packings with PVC and stainless steel
materials and film type packings shall be
stainless steel. The supports and hangers for
the splash type packing with wood material,
shall be properly treated wood.

8.19 Tower Supports

The cooling tower supports shall be made of
reinforced concrete or steel depending on the
Purchaser’s approval.

8.20 Risers,
Distributors

Manifolds, Reducers and

These components shall be hot-dip galvanized
steel.

8.21 Risers and Trash Racks Including
Frame

8.21.1 For fresh water services these
components shall be carbon steel galvanized
per ASTM-A 123

8.21.2 For brackish and sea water services
these components shall be stainless steel Type
316. In these cases means of protecting
hardware from crevice corrosion, such as
cathodic protection by carbon steel, shall be
provided.

8.22 Gear (Speed Reducer) Casing

8.22.1 For fresh water services, it shall be cast
or ductile iron properly galvanized.

8.22.2 For brackish and sea water services, it
shall be cast or ductile iron properly galvanized
and coated with two coats of coal tarpolyamide
epoxy 400 um total nominal * dry film
thickness. For Engineering Standard for Paint
see IPS-E-TP-100.
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