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Fig.2 Cooling Tower Piping System



" o
AIR
I ouT I HOT WATER
IN
c FAN A
2~ HOT WATER

35 —IN »
e

IF ~ 7.
. -

%










AR



‘; #EMPERATURE
AFF’RDACHE *J[

S
-\

&
&

PERCENT DISTANCE THROUGH TOWER

Y
3
5
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Air-cooled heat exchangers cool water by rejecting heat directly
to the atmosphere, but the first cost and fan energy consumption of
these devices are high and the plan area required 1s relatively large.
They can economically cool water to within approximately 11 K of
the ambient dry-bulb temperature: too high for the cooling water
requirements of most refrigeration systems and many industrial
processes.
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Cooling towers overcome most ot these problems and therefore
are commonly used to dissipate heat from refrigeration, air-
conditioning, and industrial process systems. The water consump-
tion rate of a cooling tower system 1s only about 5% of that of a
once-through system, making it the least expensive system to
operate with purchased water supplies. Additionally, the amount
of heated water discharged (blowdown) is very small, so the eco-
logical effect 1s greatly reduced. Lastly, cooling towers can cool
water to within 2 to 3 K of the ambient wet-bulb temperature,
which 1s always lower than the ambient dry-bulb, or approxi-
mately 20 K lower than can air-cooled systems of reasonable size
(in the 880 to 1760 kW range). This lower temperature improves

the efficiency of the overall system, thereby reducing energy use
significantly and increasing process output.
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The evaporation rate at typical design conditions is approximately
1% of the water tflow rate for each 7 K of water temperature range;
however, the average evaporation rate over the operating season 1s
less than the design rate because the sensible component of total heat
transfer increases as entering air temperature decreases. The evapo-
ration rate is also directly proportional to the load; this must be taken
into account when estimating annual water usage.
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The thermal capability of a cooling tower used for air condition-
ing may be expressed in nominal capacity, which is based on heat
dissipation of 1.25 kW per kilowatt of evaporator cooling. Nominal
cooling capacity is defined as cooling 54 mL/s of water from 35°C
to 29.4°C at a 25.6°C entering air wet-bulb temperature. At these
conditions, the cooling tower rejects 1.25 kKW per kilowatt of evap-
orator capacity. The historical derivation 1s based on the assumption
that at typical air-conditioning conditions, for every kilowatt of heat
picked up in the evaporator, the cooling tower must dissipate an ad-
ditional 0.25 kW of compressor heat. Newer, high-efficiency com-
pressor systems have significantly reduced the amount of
compressor heat generated. For specific applications, nominal ca-
pacity ratings are not used, and the thermal performance capability
of the cooling tower 1s usually expressed as a water flow rate at spe-
cific operating temperature conditions (entering water temperature,
leaving water temperature, entering air wet-bulb temperature).

ARY



" «MEEN——

TYPES OF COOLING TOWERS

Two basic types| of evaporative cooling devices are used. The
direct-contact or open cooling tower |Figure 3), exposes water di-

rectly to the cooling atmosphere, thereby transferring the source heat

load directly to the air.| A closed-circuit cooling tower,

involves

indirect contact|between heated fluid and atmosphere (Figure 4),

essentially combining a heat exchanger and cooling tower into one

relatively compact device.
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Chimney (hyperbolic) towers have been used primarily for large
power installations, but may be of generic interest (Figure 9). The
heat transfer mode may be counterflow, cross-flow, or parallel flow.
Air 1s induced through the tower by the air density differentials that
exist between the lighter, heat-humidified chimney air and the outside
atmosphere. Fill can be splash or film type.

Primary justification of these high first-cost products comes
through reduction in auxiliary power requirements (elimination of
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Hybrid cooling towers

requirements compared to conventional cooling equipment,

combine sensible, adiabatic, and evaporative cooling to reduce water and energy

Water savings

are achieved through different

operational combinations of these cooling types. When more adiabatic, direct evaporative, or indirect
evaporative cooling is used, less energy is consumed at the expense of using more water. The CNK HCT

model of

heat exehenger|unit was designed with the purpose of providing maximum water savings, higher

dry bulb switchover temperatures whlle achieving plume abatement or elimination.
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The dry/wet

mode

simultaneously uses

evaporative and sensible cooling when allowed

by| moderate temperature or load conditions.

This mode meets load requirements while
reducing water consumption from evaporation
through increased fan energy consumption or
modulating flow through the evaporative coil. It
may also reduce plumes.



" M

Adiabatic Mode
AIR OUTLET
V'S
| |
4 -
Q
HOTFLUID 25 13

h
)9y

o/
COLD FLUID ||

AIR INLET

AIR INLET

L]
[ & [] [ & "'T‘:I
rf;. IO S SN S T M
IH- [] [] 0 [ _:I-\:I
N S S T S IR S h/
[ & 1 & 1]
[ l P i § ‘4 ¥

}Jb 17//-2()9/://\’

This mode rejects heat through the dry coil,
and the recirculating spray water merely
serves to saturate and adiabatically precool

incoming outdoor air.|Adiabatic cooling of

the incoming air results in lower air

[temperatures,|which increases the rate of
sensible heat transfer. Visible plume and

water consumption are greatly reduced.
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DESIGN CONDITIONS

The thermal capability of any cnoliﬁg tower may be defined by
the following parameters:

* Entering and leaving water temperatures

» Entering air wet-bulb or entering air’ wet-bulb and dry-bulb
temperatures

+ Water flow rate

A}
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" MG iNG THE INST
DESIGNING THE INSTALLATION OF THE CEMENT ASBESTOS CASING,
WOOD FILL, PROPELLER FAN, COOLING TOWER

1. GENERAL — PROPELLER FAN TOWERS OF THE DRAW-THROUGH TYPE ARE CHARACTERIZED BY
THEIR LOW OPERATING HORSEPOWER. THEY ARE IDEAL FOR OUTDOOR INSTALLATIONS WHERE
NOISE LEVELS ARE NOT A SIGNIFICANT FACTOR.

2, SELECYION — COOLING TOWER SELECTION IS DEPENOENT UPON FOUR VARIABLES: {1} GALLONS
OF WATER PER MINUTE TO BE COOLED; (2) ENTERING WATER TEMPERATURE; {3) LEAVING
WATER TEMPERATURE; AND (4) WET BULB TEMPERATURE OF THE AIR ENTERING THE TOWER.
SELECTION SHOULD BE BASED ON MAXIMUM LOAD COMDITIONS. THE FLOW RATE {GPM), ENTER-
ING WATER TEMPERATURE, AND LEAVIMG WATER TEMPERATURE, ARE ESTABLISHED BY THE

SELECYION OF THE REFRIGERATION PLANT, THE WET BULB TEMPERATURE 15 FOUND IN THE
ASHRAE GUIDE AND DATA BOOK FOR EACH LOCALITY,

THE INDUSTRY HAS ESTABLISHED A COOLING TOWER “TON™ AS BEING EQUIVALENT TO 15,000
BTU/HR OF HEAT REJECTION. THIS INCLUDES THE 12,000 BTU/HR REPRESENTING A TON OF
REFRIGERATION EFFECT PLUS THE HEAT ADDED B8Y THE REFRIGERATION MACHINE ¥ THE
CYCLE. STANDARD COMDITIONS FOR RATING COOLING TOWER PERFORMANCE IN TERMS OF
“MOMINAL TONS" ARE: 3 GPM OF WATER BEING COOLED FROM 95 DEGREES F 7O 85 DEGREES
F AT 78 DEGREES F WET BULB TEMPERATURE.
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ON ABSORPTION UNIT APPLICATIONS, APPROXIMATE CODLING TOWER REQUIREMENTS ARE:

3.6 GPM/TOM OF WATER 70 BE COOLED FROM 103 DEGREES F TO 85 DEGREES F AT 78 DEGREES
F WET BULB TEMPERATURE. REFER TO ABSORPFION UNIT MANUFACTURER CATALOG FOR
SPECIFIC REQUIREMENTS. THE COOLING TOWER SELECTION SHOULD BE MADE FROM THE MANU-
FACTURER'S CATALOG.
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d.

CAPACITY CONTROL -

A. TWO-SPEED MOTORS - PROVIDE A “STEP" TYPE CONTROL. WITH THIS METHOD, THE TEM-
PERATURE SENSING DEVICE CYCLES THE MOTORS YHROUGH THE HIGH, LOW, OR OFF POSI-
TIOMS. THERE IS THE ADDED ADYANTAGE OF HORSEPOWER SAYINGS AT REDUCED LOAD.
SINCE FAM HORSEPOYER VARIES AS THE CUBE OF FAN SPEED, APPROXIMATELY ONE-EIGHTH
FULL LOAD BHP |5 REQUWIRED AT HALF-SPEED.

B. FAN CYCLING IS ANOTHER METHOD OF CAPACITY CONTROL. THE TEMPERATURE SEM3ING
ELEMENT CYCLES THE FAN MOTORS ON - OFF. CONTROL ACCURACY INCREASES ON MUL TIPLE

FAN TOWERS.

WINTER OPERATION - COOLING TOWERS OPERATED WITH WET BULB TEMPERATURES BELOW 32
DEGREES F OR IDLE WHEN THE AIR DRY BULSB TEMPERATURE MAY DROP BELOW 32 DEGREES F,
MUST BE PROTECTED FROM FREEZING. FREEZE-UP PROTECTION FOR YOWERS CAN BE OBTAINED
BY USE OF A REMOTE SUMP LOCATED IN A HEATED SPACE, OR BY PLACING STEAM COILS OR IM-
MERSIOM HEATERS SN THE TOWER PAN AND iN INSULATING THE OUTHDE OF THE PAN. THE REMOTE
SUMP SHOULD BE SiZED YO HOLD THE COMPLETE YOLUME OF WATER IN THE OPERATING TOWER
AND INTER-COMNECTING PIPING. HEATERS IN THE PAN SECTION (THESE MAY BE ELECTRIC, HOT
WATER OR STEAM TYPE) ARE SIZED TO MAMTAIN 40 DEGREES F WATER TEMPERATURE AT WINTER
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DESIGN CONDITIONS. EXPOSED WATER LINES SUSCEPTIBLE TO FREEZE-UP SHOULD BE PROTECTED.
INDDOR COOLING TOWERS LOCATED IN HEATED SPACES SHOULD BE PROVIDED WITH SHUT-OFF
DAMPERS IN LOUVERED WALL INTAKE AND DISCHARGE OPENING TO CLOSE OFF OUTSIDE AIR WHEN
THE UNIT IS IDLE.

. WATER TREATMENT — WATER TREATMENT AND CONDENSING SYSTEM LIFE ARE INTERDEPENDENT,

PROPER WATER TREATMENT DEPENDS UPON THE CONDITION OF THE AIR AND WATER AT THE

TOWER LOCATION. AN EXPERIENCED COMPANY SHOULD BE CONSULTED FOR RECOMMENDATIONS
FOR PROPER WATER TREATMENT,
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BLEED OFF AND MAKE-UP WATER - COOLING TOWERS EYAPORATE APPROXIMATELY TWO GALLOMS
OF WATER PER HOUR PER TON. F ONLY THIS AMOUNT IS REPLACED, THE/-CONCENTRATION OF
IMPURITIES WILL SOON HAYE A HARMFUL EFFECT ON THE TOWER. TO PREYENT THIS, AR ADDI-
TIONAL TWO GALLONS PER HMOUR PER TON SHOULD BE BLED OFF FROM THE UNIT. THE MAKE-UP
WATER REQUIRED 15 FOUR GALLONS PER HOUR PER TON OR APPROXIMATELY 2.5% OF THE TOTAL
WATER CIRCULATED.

LOCATION —~ LOCATION 15 A PRIME FACTOR FOR CONSIDERATION. ARCHITECTURAL COMPATIRILITY
AND STRUCTURAL LOADINGS ARE OBYIOUS AREAS FOR Cﬂﬂkblﬂhﬂﬂﬂ OTHERS, NOT SO DRYIOUS,
ARE: e

A. ROISE CRITERIA — NOISE CODES HAVE BEEN ENACTED IN SOME CITIES AND SOUND LEYELS ARE
- OFYEN REQUIRED IN SPECIFICATIONS. CONSULT TOWER MANUFACTURERS FOR OCTAYE BAND
SOUND PRESSURE RATINGS OF THE TOWER AND FOR ASSISTANCE IN SOUND E VALUATIONS.

B. COOLING TOWER FANS HARDLE LARGE QUANTITIES OF AIR AND THEIR INTAKES AND DISCHARGES
SHOULD RECEIVE THE SAME CONSIDERATION AS ANY OTHER FAN. SUFFICIENT FREE AND UN-
OBSTRUCTED SPACE SHOULD 8E PROYIDED ARGUND THE UNIT TO ENSURE ADEQUATE AIR

SUPPLY. THE POSSIBILITY OF AJR RECIRCULATION, WHICH REDUCES TOWER CAPACITY, SHOULD
BE CAREFULLY CONSIDERED IF THE TOWER IS TO BE INSTALLED NEAR WALLS OR IN ENCLOSURES.

C. AYOID LOCATIONS NEAR OR DOWN WIND OF STACKS AND INCINERATORS.

PIPING - PIPING SHOULD BE ADEQUATELY SIZED ACCORDING TO STANDARD COMMERCIAL PRACTICE
AND SHOULD BE LAID OUT 3C THERE WILL BE A CERTAIN AMOURT OF FLEXIBILITY BETWEEN THE
COMPONENT PARTS OF THE SYSTEM, ALLOWING FOR EXPANSION AND CONTRACTION. EACH TOWER
SHOULD BE VALYED SEPARATELY FOR SERVICING, WHEN TWO OR MORE CONDEMNSERS OR HEAT EX-
CHANGERS ARE USED WITH ONE OR MORE COOLING TOWERS, ALWAYS CROSS-CONNECT THE HOT
WATER LINES FROM THE CONDENSERS OR EXCHANGERS ACCORDING TO STANDARD PRACTICE. THEN
USE A SIMGLE DISCHARGE LINE TO CARRY THE HOT WATER TO THE TOWER. IN SIZING THE PIPING,
CARE SHOULD BE TAKEN TO BALANCE PRESSURE DROPS BETWEEN DISCHARGE /SUCTIONS MAINS AND
INDIVIDUAL TOWER CONNECTIONS WHEN TWO OR MORE COOLING TOWERS ARE HOOKED UP IN PARAL-
LEL. ALWAYSUSE AN EQUALIZING LINE BETWEEN TOWER PANS FOR MULTIPLE TOWER iNSTALLATIONS
TO TAKE CARE OF IMBALANCE IN THE PIPING TO AND FROM THE UNITS. THE SYSTEM WILL YENT IT-
SELF THROUGH THE TOWER NOZZLES, AIR VENTS BEING NEEDED ONLY AT HIGH POINTS IF PIPING IS
TRAPPED BETWEEN CONDENSER AND TOWER. ALWAYS CHECX TO SEE IF THE CONDENSER WATER
PUMP HAS SUFFICIENT NET POSITIVE SUCTION HEAD.
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THERMOSTAT T-1 WITH BULE IN TANK CYCLES FAM
MOTOR TO MAINTAIN PRESET TEMPERATURE N TANK

INSTALLATI
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RIS UMITS INTO PLACE BY REFERRING TO MANUFACTUNERS RIGEING IHSTRUCTIONS.

SET UNIT DEAD LEVEL IN BOTH DSRECTIONS.

SUPPORT PIPE 50 THAT O WEIGHT RESTS ON COOLING TOWERS

THOROUGHLY CLEAM UNIT BEFORE FILLING SYSTEM.

BALANGE COWDENSER WATER FLOW.

ADSUST BLEED VALVE FOR PROPER AMOUNT OF WATER TO BE WASTED.

GREASE OR 0L ALL DEARINGS 1N ACCORDANCE WITH THE MANUFACTURER'S RECOMMENDATIONS.
FOR MULTIPLE TOWER MSTALLATIONS EQUALIZE PANS WITH EQUALIZING PIPE AWD PROVIDE
BALANCING VALVES IN SUPPLY AND RETURN PIPING. ;

PROVIDE VALVED CONMECTION IN SUPPLY OUTLET OR MANEUP PIPE AS RECOMMENDED 8Y
WATER TREATMENT CONTRACTOR.

__, WOOD FILL,PROPELLER FAN, COOLING TOWER_

NO SCALE

SCHEDULE OF CAPACITIES FOR THE COOLING TOWER
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DESIGN OF COOLING TOWER WATER PIPING
L Ll’ftnig] I’!Elﬂfi TO CONNECT TO EQUIPMENT ~ LAYOUT ALL PIPING TO ALL CONDENSERS
CONNECTED T ING TOWER AND TO THE CONDENSER WATER PUMP.

2. DETERMINE TH% %% RATE — OBTAIN THIS RATE FROM THE MANUFACTURER OF THE CON.
oeh EIEH“PEI Ton TOTYPE YOU ARE USING. THIS RATE WILL USUALLY {BUT NOT ALWAYS)

3. SiLECT THE PIPE SIZE - TH1S CAN BE OBTAINED FRﬂH THE CHART BELOW THIS PAGE. THE
{ AMAXIMUM PRESSURE DROP OF § FEET PER 100 FEETY AND A MAXIMUM
gﬁhﬂﬂg‘;ﬂl’ & FEET PER SECOND. FOR OTHER CONDITIONS, REFER TO THE GRAPH BELOW

4. CALCULATE THE FRICTION LOSS IN THE PIPING —~ MEASURE THE LENGTH AND MULTIPLY B8Y
1. BTAIN THE TOTAL EQUIVALENT LENGTH. IF THERE
IS AN UNUSUAL AMOUNT OF FITTINGS, COMPUTE THE EQUIVALENT LENGTH OF ALL FITTINGS.
MULTIPLY THE TOTAL EQUIVALENT LENGTH TIMES THE PRESSURE DROP PER FOOT TO 08
TAIN THE FRICTION LOSS IN THE PIPING, NOTE THAT THE PRESSURE DROP PER FOOT !N THE
PIPING FROM THE SUMP OF THE TOWER TO THE SUCTION OF THE CONDENSER WATER PUMP
WILL BE DIFFERENT FROM THAT OF THE PUMP DISCHARGE PIPING.

o1



5. gag,gg;us THE TOTAL HEAD OR THE CONDENSER WATER PUMP — TOTAL THE DIFFERENT
EMENTS THAT MAKE UP THE TOTAL HEAD AS FOLLOWS:

o. FRICTION LOSS (N THE PIPING.
b. FRICTION DROP THROUGH THE CONDENSER {FROM THE MANUFACTURER}.

<. DIFFERENCE IM ELEVATION FROM THE POINT WHERE THE WATER ENTERS THE COOLING
TOWER AND THE WATER IN THE SUMP OF THE TOWER.

d.  YELOCITY PRESSURE FOR SPRAYS (IF USED).
e. FRICTION LOSS IN CONTROL YALYE (IF USED).

. COMPUTE P HORSEPOWER (OR GET F F NUFA - SINCE GPM ARD TOTAL
EAD A OWN AT TH!S POINT, HORSE BE COM BY ASSUMING EFFICIENCY
AND USING THE FOLLOWING FORMULA: .

GPM x HEAD (IN FEET)

BRAKEMP = =580 x EFEICIENCY

03171 EAD -~ FORGOOD RESULTS, THE COOLING TOWER
ouLD B EYATED ABOY BY AN AMOUNT AT LEAST EQUAL T0
TWICE THE FRICTION DROP IN FEET IN THE PIPING FROM THE COOLING TOWER SUMP TO THE
CONDEMSER WATER PUMP SUCTION (MORE 1F POSSIBLE).
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9.

10.

%HE%% ill.i% — ALWAYSPUT A CHECK VALVE IN THE PUMP DISCHARGE TO PREVENT BACK-
U G THE PUMP IMPELLER BACKWARDS WHEN THE PUMP STOPS.

mﬂﬁ'n FREEZE-UP PROTECTION — IF THE CODLING TOWER IS REQUIRED TO BE USED IN THE
VINTER IN AREAS WHEEIMG IN THE PIPING MAY OCCUR, IT WILL BE NECESSARY T0
PROYVIDE FREEZE PROTECTION. PROVIDE DOUBLE THICK INSULATION (AT LEAST 24NCHES)

ON THE PIPE AND PROVIDE TRACER ELE CTRIC HEATING CABLE WHEREYER THE PIPE MAY BE
EXPOSED TO FREEZING.

W& ~ GENERALLY USE STANDARD WEIGHT ZINC-COATED STEEL PIPE WITH ZINC-
ABLE IRON SCREWED FITTINGS. WHERE THE PIPE SIZE IS LARGE {(OVER
4-INCHES) AND YHE WATER IS NOT CORROSIVE, STANDARD WEIGHT 8L ACK STEEL PIPE WiTH
BLACK STEEL WELDING FITTINGS MAY BE USED. IF THE STATIC PRESSURE IN THE FIPE WILL
EXCEED 100 PSIG, USE EXTRA HEAVY PIPE THROUGHOUT,

1L %HEIMCM. FEEDER CONNECTIONS - PROVIDE CAPPED OUTLETS IN THE PIPING TO PROVIDE

12.

CHEMICAL FEEDER SINCE ALMOST ALL COOLING YOWERS
WILL REQUIRE THE FEEDING OF CHEMICALS TO PREVENT SCALING IN THE CONDENSER.
CHECK WITH LOCAL COMPANIES ENGAGED IN THE BUSINESS OF PROVIDING WATER TREATMENT

FEEIEEU:UHG TOWERS TO DETERMINE THE PIPE SIZE AND BEST LOCATION FOR THE CHEMICAL

ES -~ GATE YALYES SHOULD BE INSTALLED IN THE SYSTEM AS REQUIRED T0 1SOLATE
NT FOR SERVICE, BALANCING VALYES SHOULD BE INSTALLED IN THE SYSTEM WHEN
IT IS IMPOSSIBLE TO DESIGN THE SAME PRESSURE DROP IN ALL CIRCIHTS.



ALLOWABLE FLOW RATES FOR COOLING TOWER PIPING

B'I'AHDAHD WEIGHT STEEL PIPE

PUMP DISCHARGE PUMP SUCTIOH TONS @
PIPING PIPING + 3 GPM/TON

1-1/4"

7-15 I-1/4~ 1-1/2" 2~5
16 - 21 i~1/2* 2" S=7
22 - 39 2" 2-1/2* 7-13
40 - 66 2-1/2* 3" 13 ~ 22
67 - 120 3* 3-1/2" 22 - 40

121 - 165 3-1/2% 4" 40 - 5§
166 - 210 - §u 55 « 70
211 = 360 5" 6" 70 - 120

L R ] .
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211 - 360 5" 6" " 70~ 120
361 = 600 6" B~ 120 - 200
601 = 300 8" 10" J 200 - 300
901 - 1500 10 12* 300 - 500
1501 - 2100 12 14" 500 ~ 700
2101 - 2700 14 16" 700 - 900
2701 - 3300 16 18* 900 - 1100
3301 ~ 4500 18" 20" 1100 - 1500
4501 - sa00 | 20* 24" 1500 - 1800
s401- 7600 | 24" | 30" 1800 - 2600

* Check amount of head available to make water flow from sump of cocling tower
to suction of pump. 'Cooling tower sump must always be above condenser water
pump, :



FLOW GRAPH FOR COOLING TOWER SYSTEM PIPING
STANDARD WEIGHT STEEL PIPE
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