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CROSS FLOW:

ADVANTAGES OF CROSS FLOW cooling towers due to their
gravity flow hot water distribution
system:

e Low pumping head.
e  Lower first cost pumping systems.
e Lower annual energy consumption and operating costs.
e  Accepts larger variation in water flow without adverse
effect on the water distribution pattern (flat plate heat exchanger operation in winter).
e Easy maintenance access to distribution nozzles.

ADVANTAGES OF CROSS FLOW cooling towers due to their horizontal air distribution system:

e Low static pressure drop.
e Reduced drift.
e Reduced recirculation.
e  More air per fan horsepower.
e Larger diameter fans can be used so that fewer cells are required for a given capacity.
e Lower energy and operating costs.
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DISADVANTAGES OF CROSS FLOW cooling towers due to their gravity flow hot water
distribution system:

e Low pressure head on the distribution pan may encourage orifice clogging and less water
breakup at spray nozzle.
e Exposure to air in the hot water basin may accelerate algae growth. Larger footprint.

DISADVANTAGES OF CROSS FLOW cooling towers due to their horizontal air distribution
system:

Lo 5 culee e gl ) Sia Sl o (€ JSib

bl yb 2> o S sl (@

()

COUNTER FLOW

ADVANTAGES OF COUNTER FLOW cooling towers due to their pressurized spray water
distribution system:

e Increased tower height accommodates longer ranges and closer
approaches.

e More efficient use of air due to finer droplet size from pressure
sprays.

— (N

A

ADVANTAGES OF COUNTER FLOW cooling towers due to their vertical .
air distribution system: i T———

oo .
m e R A
TRHATILL R L

e The vertical air movement across the fill allows the coldest water to be in contact with the driest
air maximizing tower performance.
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DISADVANTAGES OF COUNTER FLOW cooling towers due to their pressurized spray water
distribution system:

e Increased system pumping head requirements.
e Increased energy consumption and operating costs.
o Distribution nozzles difficult to inspect and clean.
e Requires individual risers for each cell, increasing external piping costs.

DISADVANTAGES OF COUNTER FLOW cooling towers due to their vertical air distribution
system:

e The resistance to upward air travel against the falling water results in higher static pressure loss
and a greater fan horsepower than in cross flow towers.
e The restricted louver area at the base with high velocity of inlet air increases the fan horsepower.
e Tendency for uneven distribution of air through the fill with very little movement near the walls
and center of the tower.
e High inlet velocities are liable to suck airborne trash and dirt into the tower
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- Tubular Heat Exchangers
- Duble Tube Heat Exchangers
- Coil Heat Heat Exchangers
- Irrigation Coolers
- Plate Heat Exchangers
- Air Fine Coolers
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Table -1 Type and features of the tubular heat exchanger

Type | Features

- (I Easy to manufacture; less expensive
tubesheet S | .
Fixed tube | ZDifficult to clean the shell side

r—_r}:[iqg head i DApplied to cases of large difference in temperature between the tube and shell sides or in thermal '
i:;;,;-._l expansion coefficient between tube and shell materials
Li-tube i 2 Possible to clean the shell side by remaving the tube bundle

Table -2 Flow and characteristics of cooling water in tubular heat exchanger

Water flow | Characteristics

- - | — _ =

.- Tube sde flow | | . -

H - | Tube side | Easy to get good effects of cooling water treatment because flow rate is

M | usually more than 0.3 m/s i
. Eegl I

. Y b | -

- 4 b % \ H

g ‘_ L ! A Y 2 I .
"g——“'_“_'ﬁ"""b‘—'cv T == Shell side | Likely to cause fouling problems due to sludge accumulation because of
7 L low and complicated water flow or :nsufficient water treatment

Shell sde fow -~ I |

Note * [n general. corrosive fluids, fluids of high fouling potential or fluids under high pressure flow through the tube side.
However, recently heat exchangers using cooling water have been frequently designed with water on the tube side
because of heat exchanger maintenance cost
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Heat Flux
Q=(At.C. P3) /A

Q= wiys i (kal /m2.hr)
At= as,a 563905 T woba aa)s il (°C)
R= Jlw e ( ms/hr)

C= ol olis )y oT o3ss sl ,3 (keal / kg .°C)

A= woba Jals mhouw (M?)
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- Overall heat transfer coefficient

U=/ ((Vo,) +r, (L) + (Vo) +r1y) (V)

U = Overall heat transfer coefficient (kcal.m?. hr.°C)

o, = Process side ,s l,T s Y Sl el s Jlassl g b (kcal.m?. hr.°C)

oy = Cooling Water side ,s oI,T el AVl )l pa Jlas! — y(kcal.m?.hr.°C)
A= algl Jals slge il elaa(keal.m?.hr.°C)

L = adgd o)lged waelsus (M)

ry = Process side ,s Fouling —s s (m?.hr.°Clkcal)

re = Cooling Water side s Fouling o (m?*.hr.°C/kcal)

OlSel 35 58 o ib awl=e Jlaio jl Overall heat transfer coefficient a5 i)

33,500 b S Jue 03 STen aliue b g Scale Jusiis
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FI19.-10 Water balance in an open recirculating cool
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Table -3 Terms and symbols related to water balance in open recirculating cooling water system

Tatal cooling water quanuty circulated by pumps per hour
Tatal water volume held in the cooling water system including the piping
and the cooling tower basin

Recirculating water quanuty (R). (m* hr)

1
Hoiding water volume tH), tm™)

i e
Evaporation loss (EY, im? hr) Water lost by evaporation per hour

Windage loss (WL (m? hr) Water lost by windage and drift per hour

Blowdown water quantity (B, im* hr)

Water quantity discharged per hour in order to control concentration

\lake-up water quantity (5D, im* hr)

Water volume supplied to the cooling water svstem per hour

T»moefaure drop through cuuumg
tower (AT C)

Difference of cooling water temperature between the cooling tower inlet
and outlet

Number -_Jl cveles i )
|.;.-cles of concentration) N

Concentration of dissolved solids 1n circulating water compared to make-
up water

Retention time (Ta), thri

* Time requ:rd to exchange holding volume by makeup volume,

required by losses due to blowdown. and windage
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Haif life time (Tul (ho
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W = Windage loss
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TR =H/(B+W) (1)

Tr = Retention time
H = Holding Capacity M?

B = Blow Down M%/hr
W = Wind age loss M?/hr
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CORRODED END
(anodic, or least noble)

Magnesium
Magnesium alloys

Zinc

Aluminum 28
Cadmium
Aluminum 178

Steel or lron
Cast Iron

Chromium-iron (active)

Ni-Resist
18-8-Cr-Ni-Fe (active)

18-8-3-Cr-Ni-Mo-Fe (active)
Hastelloy C

Lead-tin solders

Lead

Tin

Nickel (active)

Inconel (active!

Hastelloy A
Hastelloy B

Brasses

Copper

Bronzes
Copper-nickel alloys
Titanium

Monel

Silver solder

Nickel (passive)

Inconel (passive)
Chromium-iron (passive)
18-8 Cr-Ni-Fe (passive)
18-8-3 Cr-Ni-Mo-Fe (passive)

Silver
Graphite

PROTECTED END
(cathodic, or most noble)

Courtesv of International Nickel Company, inc.
Figure 24 Galvanic series of metals and alloys.
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