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Chapter - 4 Cooling Towers

G.0 Introduction
Air conditioning system g industrial cooling process gpso 0ged00000 0GP
(generated heat)od gSoocdud(reject)q§ 332600001 g&oocdudlgts(rejecting) ¢lgpddon o3
agodedl anoopd sapgps(generated heat)oopd oodesepad §j.cgogudeqpad(dissipated) ago:c86
opdi Cooling tower 20p5 system o0d9ap0pC:e sap(heat)qp:od 258: GrLEAS] @805
cus8Eeom o3§umn(heat rejection device)ood§s [§620p5n o303 320403 §§0058EGS 20305
condenser water 820§§0005 Geoooel :205§0005 3¢ [gEenesqs 8005
m00(heat)20pd 320q$[gep(high temperature) ¢ 8&ep(low temperature)ofoon sacdeagpod
ooe[gpCsgSs(heat transfer) [gd8Eo0p5

=

¢ G-o Cooling tower aq:qs

Chiller 2300p05 industrial process heat exchanger gpze cgoda00d SapyP:(generated
heat)od ©0Sooododeseaognd eqod “Heat Transfer Medium” sofgd saadigfo3oopdi GqoRd
:0gudonoy  edledlgpigp: q$ERQ orSoqedodronds sacg&onaSommaobi g§deomn $dedl:
qPgRon 03090502005 Sapgpi(generated heat)od caonéqps eqE3aps o&coudgps agptagp:
a0p8:08 ghapoboddfojoophn Baf ghopodgaloé cqmadqpieacytil) eqeiaagdiflaéorodom
0obo&ioE 03805gd8sg(ecological disturbance)qpzo? [gdedlcoo0bi eqesa0gdlyp: Gooey)
Q5820051

adelopp¢ 0o938log¢ air conditioning system qpa water cooled refrigeration system gps
$C process cooling system g @&cocdudad0deom sapgps(rejected heat)od ©odaoodes
320905 cooling tower gpso? 2aaddgjo[0300001 Cooling tower 006808 eaaddg[gEselopE opsoy)
0805 20§200500000001 20omoLCS0sE  dB§odeog(ecological effect)oBcopd: cogpspds
et [gjopd8Ea0pd

Air conditioning system qp:oow0n process cooling system qp: §§ compressed air system
qPeRC 304P: g&aood0des(heat rejection)saoz05 cooling tower gp:od saadigfogoopdi Water
cooled chiller gp:$& water cooled package unit qpz$& 036copds 3203030005

Cooling tower gpsoopd

(o) Sensible heat transfer :}é:

() Latent heat transfer $p5: $&

(p) 2200050l500:  $6§pcdgC 3¢ (heat)qp:od  eooad(atmosphere)ad  0odQEs05

85000506 (reject) [o30005
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eqegeofglly 3ap03eudonod[gEs(evaporative cooling)soSsoopd latent heat transfer
gty g&opddudgE:n? adadooobi geameqyp:od cooling tower so038:§ fill packing qps
32603 [godq) B:e08:e000p324] cq@a§),2005 cqeg[gt:(evaporation)gbom caelisapds oyeots
Ogo:oaéll

eqogqeofaliy  2ap0300daood[gts(evaporative  cooling)spdy  g§o00d(reject)
8E20pd ¢ (latent heat)owdanoood eeegdloe(moisture content) edlagé  @oopS200N
eooooet Wet Bulb 220g$88ec0 eqegdloCe(moisture content) $pdieco [g6[G: cooling tower
¢ =ag(latent heat)owdangpsgp: g§000d(reject)§Eaco [gdaopdi saonudelope e8eo05 Wet
Bub 04§ S88comerooopd 3¢ elgpodeageomelopé 3¢ evaporative  cooling
[g8c08Ea00i

ad33(gE Jegieomaagpi(warmer water)o sa0gpso0pd sensible cooling $p54 3¢ 30009
eoo(cool air)adad g§oood(reject) dqaopdi 0odspdimigE Jegicom eegpi(warmer water)o
F20gP2o0pd sensible cooling $0549¢ e3a:00pd60(co0l air)odad opselgas(transfer) agosoopdi

600393 opse[gpCs(transfer)ogasaopd “Sensible Heat” owdanoopd eeoel Dry Bulb

200§ (temperature)edl o€ 600520051 6033 opelgos(transfer)ogazaopd “Latent Heat”
02005 Gocl Wet Bulb 200§ (temperature)edl o€ ©oopSo0odi

G.J Cooling Tower $&0005e38a000 3064l 3260 ¢p:(Technical Terms)

Approach — Condenser water supply 32088(temperature) $& cooling tower 83038503 0Caxnaopd
ecoel Wet Bulb 32088 (temperature)od [grzg0:gi052005 “Approach” [gdoopdi

Approach temperature = Leaving condenser water - Entering air Wet Bulb

temperature temperature
66@w050005(gE: (Blow Down or Bleed Off)

Cooling tower ¢ condenser water qp:20p5 eqegdgS:(evaporation)elopé oolgpSigpSs
eagpspd: oga:aopdi Condenser water a30RE Ol§es000d 3a3¢ps(solid) gpsi @0deons(salt)gpesE
;podmae[ogegps(impurities)  dloCesg  oogoddged:  [gEonodaonoodn  sepodeaeiogidlote
(concentration)qpsoopd condenser water gpsod GEI0S005E] GaE0d(fresh water)ooboopd
coggtlge §oocfadodeomn concentration level qeeant ad$:000:q0051 0398 sopodeacogidloty
(concentration)[g€20p condenser water gp: ceodggE:o? “Blow Down” afewod “Bleed Off”
0962005 upesl 2odi
Capacity: Cooling tower oodcdie g§0005068Ee0m ma00ed™ (amount of heat that cooling
tower can reject)aopd cooling tower &l 32000500058 EgSs(heat rejection capacity) [g&20p5

Cooling tower &l 92000500058Egd:(heat rejection capacity)od c305q$ eeeopSucdsss(flow
rate)i approach temperature $& 328:§ ccocoel Wet Bulb 32058 0303 93q$ a332600001
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Drift: eqegdg&:(evaporation) ¢[gdo3 fan &l cropbsaielopE cooling

Chapter- 4 Cooling Towers

(]
. (|

tower 33[g€00598 eqEadcudyps cepodog(gtiod “Drift” 4205 vp W Y Yot “'

@l 2000

Eliminator: Fan efop¢ cooling tower 33[g€o005a3 eepodogniepd
Gqoodc0dgPEm: [gScopdecannticuionpd 3§uxna? eliminator vresl
20001 ("Drift” eoaqpspdiesant [gpdeuseomeloppE “Drift Eliminator”
0963l [§E: [gdo0pdi

Cell

Counter Flow

Cross flow

Double flow

Evaporation
(Loss)

Fill

Forced Draft

Drift
Eliminator

Fill

il

"c; - Drift Elimimator

Hot Saturated
Discharge Air

Hot Saturated
Discharge Air

Hot
Water in

Hot
Water in

| _Hot

Water Distribution

Basin — T o
Counterflow Tower Cold Wate Out Crossflow Tower

¢ G-p Cooling tower o3& Drift Elimimator 0o06e0€a00:d)

o3sfgprewnts§esm(independently operate)jgcpboonieoon cooling tower &l
32055005603 cell 0p 6al 2051

eqBsepcodsefoypCs(water flow path)sé eooagnscoéeeloypCs(air flow path)oopd
BQE[g0Ge BsoopSep so§oyE(parallel & opposite direction)gdesag€ “Counter
Flow Cooling Tower” o3 @&l 20051

eqdsepoodiclopE: (water flow path)sé eooogoscuéeloppE: (air flow path)
o320p5 90° eaondes(perpendicular)gdesaqé Bowvpod [30odelgedd OB[ge
[go50g0: [o309)€ “Cross Flow Cooling Tower” wpasl 20051

Cross flow cooling tower &1 Gonisd00de GaqpdiotiesagiC “Double Flow” vp
ol 205

Condenser water 2005 ma06lopé 2aqpdm0[gd ¢ 3o6g (vapor)salgd s»ogt
c[go&4gCs(phase change) (468 ceegaa[gd cooling tower ¢ 0odeo croadod
eepodogrigtiod “Evaporation” vpesl aopbi B398 eeegd[g: (evaporation)
[§802 93:qo0:0005 Gegqpsa? “Evaporation Loss” op Gal 20pdi
@a0pd condenser water $¢ egasoopdeco odmalonp: SapoRe(pEgts(heat
transfer) [gbesa€ [gapbeosonpd ogods o3 “Fill” upesloopb Fill qpsoopd Heat
transfer media 980005 3208:00s8E2000 qods[E (heat transfer surface)
58030005
Fan gps¢ 603 cooling tower 33038:03 Gepodesnt godoopd(push)eom
elopE cooling tower 20385 Bsans(positive pressure)gdesaopd cooling tower
F§m0022 [gd20pdi
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Induced Draft  Cooling tower fan qpsoopd 603 cooling water 830380 @G0 (pull)eooelope
cooling tower cell 3203855 @G30:(negative pressure) [gde$a0pd cooling tower
2§ rz0002 [gdoopd

Lift Cooling tower 256§ equon$(hot water basin)sC e3:05§ cezslgC(water
level) $69za(o3p: s013560: [46[Gs “Static Head” upeslcopbi Condenser water
pump head c305epoR¢ o3aogreacos(static head)od saadigoopd

Make up Condenser water qps cooling tower o cqagdgCs(evaporation)elopé caedig:q

(water) [§0cdl[: drift [gOgEselopEropd: eqedee [g0edeooopdi o33 eagpspd:
agn:a0pd condenser water qp:320305 [g§c0Rd [gobeuigaopd @qo? “make up

water” opeeloopdn [g§lgde$320305 a3eapnaonionpd eqor§od “make up
water tank” 0res] 20001 [godepd 6qBa503 “make up water pipe” vpaal copdi

Range Condenser water &l 320&(entering to cooling tower) 220§ $& saag05(leaving
from cooling tower)=ao S ofpegiedi
Range = Entering condenser water temperature -  Leaving condenser water
at Cooling Tower temperature at cooling tower

G.9 Condenser Water Piping Configuration

Chilled water system 008903 water cooled chiller gpgg¢ eoodcopSieomEa air  cooled
chiller qpgg¢ eooScopbieomE: =aalgde] oopdesonadoon: eap§oopdi Water cooled chiller o3
3200q|lon circuit 93:§):§[Sg air cooled chiller 03 3aaddgiclon circuit 6§ §oopdn
Water cooled chiller $¢ een€:eom chilled water system Reference

(o) | Air side circuit 2300pob air distribution system Serving Room

(J) | Chilled water circuit 2300705 chilled water distribution system AHU/FCU

(p) | Condenser water circuit Chiller

Naming of Circuit

Circuit gps s2:0d:03C 3208 (entering)sé saogod(leaving) a30wpod supply $& return
0p20pd 3268l 326003 2328600 Equipment gpod qoSopss elgpadagé ssol(entering)$é
apogod(leaving)opg) o9:§o0odn System gpod qodps: o[padaqiC supply $C return opg)
o?:@ooén

Chilled water circuit 0g€ building 986005 load side (AHU/FCU) o3 qpdpg$sep(reference)
:[gd 200500500001 Chiller o ogodagnsoopd(leaving) chilled water o3 chilled water supply
(supply to building) vp 20059058t chiller 3303E:03 0Ea0pd 320E(entering) chilled water o3
chilled water return (return from building)op 20050052005

Condenser water circuit og€ chiller o3 qpSpgSsep(reference)sslgd 200500500051
Condenser water sgogoS(Ieaving chilled water)or% condenser water return (return from chiller)op
2005005[g: condenser water sa0&(entering) condenser water o condenser water supply (supply

to chiller) v3 200500520051
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Air side circuit og€ serving area o qoOpg&ep(reference)mofgd 200590520051 AHU ©
ogodogaopd eoo(leaving air)od supply air(supply to serving area)op 2009905 AHU o3
[g$ 0002005 @0a? return air ( return air from serving area)op 20059052051

Cooling Towers Air Handling Units

Cooling
ower

{ &

) g

Water-Cooled Chiller

|| Chilled Water

.

Condenser Fomp
Water Pump
i Chilled Water
Pump
Condenser
Water Pump

$ G-G One to One System (Individual System) 3oSgps 8005002:003 GES[go:d

G-9-0 One to One System (Individual System)

Condenser Water CT41
Pump 1

Chiller No. 1 ——

_—
I

Condenser Water CT-2
Pump 2

Chiller No. 2 —
- |

Condenser Water |CT-3
Pump 3

Chiller No. 3 ——=

$ G-g) One to One System (Individual System) 8oSgps 8005000

0(G-)ogE chiller 0odcds pump 006 $& cooling tower oodad: o3o0od Beeps
condenser water circuit 06933g® 00p58aopdi Chiller od:ds§eomaelopE condenser water
circuit 93:9§oopSi Condenser water pump 20p5 995& 200538005 chiller (g0 GerE:§Ea05

326030500 6§00
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G--J Common Condenser water Header at Chiller and Cooling Tower
&(G-6)ag¢ chiller adscds pump ad:cds $& cooling tower ad:ads03 a0pd condenser water
circuit oo&9=[gd oopb§oopSn Condenser water pump 2005 opboop) chiller $&oad 6udE:8E2000

cTjct|cT
| 1 2 3
[ T
L Chiller1 =T
CDWP Pumps
[ Chiler2 |1 ="
1 Chiller-3 | T -

¢ -6 Chiller $¢ condenser pump 906503E common header 0268080025

G.9-9 Common Condenser Water Header at Cooling Tower

CT|CT |CT
1 2 3
! Chiller od:ds pump ad:d: $E cooling tower
CDWP-1 adscd:0d 20p5 condenser water circuit 00b9
—  Chiller-1 |—=—
CDWP-2 296005820051 Condenser water pump 2005
[ Chiller2 | 20058382003 chiller [§&ooo cenE:8Ea0abi
CDWP-3
1 Chiller-3 |——=——01

 G-q Chiller $& cooling tower 900503E common header 026s08a:d

G.G Cooling Tower =a§js3a00:4p: (Type) $& Configuration
Cooling tower i configuration $& sa§jesa00:(type)qp:od
() erocosselope SoopSep(air flow direction) $¢ eqrodselogpCsell Soopdep(water flow
direction) 0303 ©oopS¢) counter flow cooling tower $& cross flow cooling tower opg)
é@:oaén
(9) Tower fan gp: 006e0€aon000d esep(location)o? ¢oopde) "Induced Draft” $& "Force Draft”
oo Fpog)
G.G.o Fan Location
Force draft a§jg3a02:03€ fan ¢ eoogp:ad cooling tower 35038503 @o500pd[gEs (46200
Cooling tower @i cell 3203&:3 8sx(positive pressure) [g6edla0pdi Induce draft cooling tower
:rzeon0pE fan 20pd cooling tower ad¢ 6eood ebupoopdi Cooling tower el cell 33038:5
9O3ms(negative pressure) [gdadl aopdi

:2690009209¢P:| air con system 220305 Zpadigieax cooling tower gpzoopd counter
flow 930005 cross flow sajsaonigps [g6[0300001 Counter flow cooling tower sa§jEza00:03
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G0t dooans Boupod 338:dc0ans [gpdlogoopdi Cross flow cooling tower gp:o3
6c0s60on¢ G0aNS [gredmG: cotsd05e Grogp: 0€aoneoaopd

Classification of Cooling Towers

Package type

Field erected type

Classification by build

Wet cooling tower

Dry cooling tower

Fluid cooler

Classification based on heat transfer method

Cooling Tower Atmospheric tower

Matural draft tower

Mechanical draft tower

Classification based on air draft

Induced draft

Crossflow

Classification based on air flow pattem

Countelow

¢ g-o Coolig tower sa§jg3200: J[epsd

Cooling tower gp:og€ erodsoCaopd(air flow)odaopS induced draft sajessonicopds
[§88E2005 force draft sadjzmaenicopds [§6§E2005n Induced Draft 32830220005 cooling tower
3209850600 qp2o3 fan o e5uR[gE:s [gdaopdi

Cooling tower sa§jzzae0s Goos§jsed

(0) Induced draft counter flow

(J) Force draft counter flow

() Induced draft cross flow $C

() Force draft cross flow o3[gdoopdi

A
FAN(S) LOCATION
r 1 1
| | | w
: : (+) PRESSURE | z
I | I @
| I I &
| (+)PRESSURE ! =
[
AR AIR AR »< AIRT, AR > AR
FORCED DRAFT (FD) FORCED DRAFT (FD) FORCED DRAFT (FD)
(HORIZONTAL) (VERTICAL) (VERTICAL)
@ G-00 Forced draft horizontal @ G-oJ Forced draft vertical Q G-0p (- pressure)
(+ pressure) (+ pressure)

4-7



Air Conditioning and Mechanical Ventilation (Vol. 1)

_JLl_

J(IIJI{JI]IJ IJI{? Jﬁ .' .' .l.l .l
T E & E L

...............

L

1 Cold water

Hot water
=I

Induced draft
counterflow tower

Sump

-
Cold water

Induced draft, double-flow
crossflow tower

Hot water
distribution

eomio0d03§,

i

|.J|1\> II')|1\‘;- MR RN

O 4 4 4
I T T LT
A ) 10

Hot water
i

Fill

(A %

Induced draft counterflow
tower with fill

Louvers

Cold water Surmg

Induced draft, single-flow
crossflow tower

& G-¢ Cooling tower sadjszaonigps

Counterflow
Air Outlet

Spray
Distribution.|

Spray |/

O] e—
‘Hot
Water In

Air In 2 Air In
e o
\}'\\\ Water Air '}{' '/

ﬁ Cold Water
—To Pump

¢ G-oG Counter flow cooling tower

Parallel Flow

gisi l i\.ll’lilllﬂ1 l
A I
| : L] 9
VA :
\
N\
N
Air Qut % AjrQut
Water \\::
Outlet T Cold Water

Collecting Basin

¢ G-og) Parallel flow cooling tower
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Cross-Flow

I 3800

[ S—
= :
3 :
ey
~3 Fill
Airin = ;
~3\
=) =, S
gt | . -
je =
Ly— -
Cold Fluid lrJ Hot Fluid
Qutlet \ inlet
Pump

¢ G-06 Cross flow cooling tower

Chapter- 4 Cooling Towers

eoocoselopsen Bsoopdep(air flow direction)

Hot Water Inlet %é GG]CDQS:G@)S:@% égmésp (water flow

direction) 0303000054 parallel flow o33l copde)
cin Y Eogd

(o) Counter flow cooling tower
(y) Parallel flow cooling tower
() Cross flow cooling tower oagjcopSs

§[§p:§8méu

G.§) Cross Flow Tower $& Counter Flow Tower o3¢l sa0:505:q/05 $¢ san:000q105¢p:

Cross flow tower &l 320:505:9/05 $& sa08000g)05gp:

Condenser Water Side :m:oaoqlcﬁqp:

Condenser Water Side m:§é:qjo‘5qp:

()

Pump head §p5:20051 Power
§é:o:)éu g&:s';cczof?:@(ﬁ oa(ﬁoaboaéu

Infill 63 eqyp: p3p8panpon oqeoqs
0()3503‘15"

opdpmfgtielopt [gdeoom [gocosn
§é:wéll

() [[glgEod8:864[gE:(maintenance) () |Biological fouling [g6§Ea0p5
cpbq cgeSopoopde
(?) |eqB:gSs(water flow) (p) |Cooling tower &l 2203Eqjq(foot print) esep

0050305 3360051

Air Side smso:raqlcﬁcauo:

Air Side sa0s505:q109g:

(0)

8za02 oeolsq(static pressure loss)

$5:00051 gBezaCod:8g 0520005

)

Drift [g6g $25:00051

€))

Capacity qpsgpzaq$ cell 2o6q820305
$23pp5:0 cBoophs

Inlet louver & qo5sn[gEe§oon(surface area)

03050305 832600051 6oocd 3208 BEqf
(control) ©0582051

Counter Flow Tower &l 80:$00:q/05 $& sa02000g)05¢:

Condenser Water Side smzmququ

Condenser Water Side s202505:505¢p:

[g8eo0o tower [58q$ a3o0pSu

(o) [Spray [s¢ [s$gC:elo3pE eqogady [(0) [Spray gpiei e§Saud(nozzle) alogpé dsan:
comEigs p800000001 adseq(head loss)gp: 20pSn Pump géseat
(power)gpzgps 0300051 bsaa 0d:8g gpzooRdI
() |Approach $p5:q$ 920305 =ocg§  |(J) |Spray nozzle gpiod co§qieepapdes $& gyt

08$3038:q$ oorSZDwéu
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Air Side 30:0008)05¢ps Air Side 30:5p5:q)05¢ps
(0) |Counter flow [gbcome[opE 329  [(0) |Air static pressure loss gpzaopdi Louver gpsgp:
opse[gpésq(heat transfer) 832600001 @&:aa adsBagp:aopd
¢eomE:20pd () |220] crosaag(inlet velocity) gpieooelopE
8:§ 32805¢qp: cooling tower 32038 o3
oCaeepad aap§oopdi
(?) |ecod:gss(air flow) 08g/qS 9055005

Counter flow tower gpzoopd cross flow tower gpzcood saadEqeSesep (foot print)

Seooicudeomelopé 006908qs esepoydioydiomn 8eab0pSi Counter flow tower gpzoopd
cross flow tower gpsooS GeodgSi(air flow)dqpsGe dzansogeolsq(static pressure loss) gps

conelopé fan g&zas(power) gpgo 832600001 g&:3aEad:gq(energy consumption) SgpzaopS
6.6 Direct Contact o3wupob Open Cooling Tower $& Closed Circuit Cooling Tower

Cooling tower gp:03 direct contact a8ewr05 open cooling tower $& closed circuit cooling
tower vpq) 2a[038:3204gC $64 SePsSEa0di
() Direct contact 9300705 open cooling tower 03¢ @5 cooling atmosphere $& a305§0>
aBeoges(Be 220gP:ad croonadad codgEs0d g&ooa5000i
(9)  Closed circuit cooling tower 0gE ges20p56q 930005 hot fluid 20p5 ecoc (atmosphere)
$C 0Bo5§odeadod indirect contact 0od§je§jpe 02690E 32003 &5

Indirect contact 9300705 closed circuit sa§jgaens cooling tower qpsog external circuit

$C internal circuit 0R6) $6§je§o0pS

Closed circuit cooling tower gp:o3 ©pbaopd esepogesd 0nbeoE§Ea0pS Closed
circuit cooling tower qpso3 chiller co05§66omaesepgpiogEaopds 0be0E8E20001 Open circuit
cooling tower qpsa? chiller 000’ [gE€eamesepSoo 00650888200

20p8s0005qepd B0y (heat  rejection  requirement)o?  c3odq) cooling  tower
32qudmos(size) 3000500058808 (capacity) $¢ 3a§jpza00:(type)sa:§j:od 0005530005
Cooling tower o3eepoS§aonoopd warm water & =20§$1 cooling tower ¢ 0g05ag:0009
eqeIza0§§(leaving temperature) ced:gSs(water flow rate)i ceooo(ambient air)ei Dry Bulb $&
Wet Bulb =00§$ (temperature)o? o3odq o0Ceagpoopd cooling tower sogudseen: $&

32000500058 Egd:(capacity) 0303 sa6(gde) cg:giudoeaopd

AHRI 22361 2005005g/05¢qps(standard) 3aq air conditioning system ¢ chiller qpss¢ o3¢
:0dgoopd cooling tower a323 oaxeoon entering water temperature(from  chiller)aopd

35°C(95°F)[gd[8s cgodognsoopd eqeapd§ (temperature)oopd 29.4°C (85°F) [gdaopb

4-10



eomEs0005028 Chapter- 4 Cooling Towers

HEATED g:\rliDO}-bL_lerDlFlED HEATED ﬁINRDOD-bL_II_MIDIFIED
DRIFT ELIMINATORS DRIFT ELIMINATORS
SOOI Y NONOUNNONNNNNRNY
seraY |////////////' seray—— |//////////// l\ EXTERNALWATER
DISTRIBUTION— /&\ % mm /ﬁi\o '—F\__
A VAN
/ YZIRNY/ZTHIN I
IZ{ (e s I\ (C N q:l HOT WATER
L= A )
N (@) ( )
\ ()
AIRIN\§ g %/ AR IN @*—)LQ’:' COLDWATER
\ / NRW% WATER AIR Z ARIN
N Z \
ey j‘; Lox T
b COLD WATER TO PUMP
¢ G-0q Direct-Contact or Open Evaporative ¢ G-0o Indirect-Contact or Closed-Circuit

Cooling Tower Evaporative Cooling Tower

Return(entering water to tower)temperature §§ supply(leaving water form tower)
temperature &l [gpi§22q0503 “Range” wpesloopdn 0odspdiEndgC eqEol  =pgSsE
6q320Q05308S [gpes:qod|gdaopdii Cooling tower ad¢ ogodagnioopd eqel 308§ (leaving
water temperature) $¢ cooling tower a32308ama0pd Goo(ambient air)el Wet Bulb s S

[gp25229)0503 “Approach Temperature” v @al 205

2833&e0q cooling tower ¢ sa0g05eqza0gS(leaving condenser water temperature)o?
ecoel Wet Bulb 300q§3008 e0:63:08 qpbeus§Cgdifoopdn 036a0d sacg§odiwnieom cooling

tower (96§ c33260005

862005 “Approach Temperature” qg$s20305 cooling tower sagudsoon: [3sen:q$
o8oopbi Cooling tower qpso S:seqpang 0g0de[godndesnt 8&&grodc8ag€ “Approach
Temperature” o3 2.8°C(5°F)o& con:eapdoopdn oodspdisandyé cooling tower ¢ sa0godeq
=:0q$(leaving condenser water temperature)o? eoooo(ambient air)el Wet Bulb 820§§c005
2.8°C(5°F) &:0ko& qpresan [giopSoosdoopdi

Approach Temperature = Leaving condenser water - Ambient Web Bulb
temperature temperature

GaqP:0? Groad0RE 0od[gSs(spray)om 30qP:ad vudondd(ges [§daopdi Heat transfer
medium 2800pdb fill §gSa o§[gE:a0p5 cooling tower &l sa§jmaonieiloge woopSood erost
03603652009 GEIqOdsm[gEaaoyuS(amount of water surface exposed to the air)oopd spray
efficiency Gom&s veomEed o€ eonpSoopd

4-11



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

eosC aBeogoopd qiods[yC(exposed surface) euxgpieco cooling tower & sa¢
00500058EgSs(capability) comEieco [g9o0pdbi crusé Beogesaopdsaqi$(time of contact)
2005 cooling tower & 30[gE(high) $& eqel Bsos(pressure of the water distribution
system)o? GOl ogEaonpSoopdi

Cooling tower sagudseoniofieniecy croseq cBeoy c5a0pdaads(time of contact)

Jopeco [gda0pbi eroseq oBeoy eso0dmagiS(time of contact)opeco cooling tower &l
220 ©05a0058EgGs(capability) deomEsacy [gdoogd

ecos¢ dBeogeseom eqel qodgo[gE(amount of water surface exposed to the air) s§oo
qpgpis¢ erostadeoy esaopdaad§(time of contact) [opgpSeoqeacgad heat transfer medium
a300pdb fill gpzod 0o6s0E[e300p5

Cooling tower 03¢ 006s08epd Bodqp:aopd cdeanodesme [PReneomn 3agudsson:
[998 832600051 B3cdgpiel  sacgpicdod  eonsdsofagad[gls(expansion) $&  of|[9c:
(contraction) 03033l copbaglse) 8&E:00qS 332600001 006900536000 GaE0ESSgP: 00bent
consdlon cell 00d9g|E:e8a3 eqeapdany| ofeepodeog§encynd balancing valve gps 006s000:q$
83260005

Tower gp: [gfgEod§:0864gEs(maintenance) $& servicing cpSoopdsesl basin gp:o?
Gqee0e[0Pg$320305 condenser water 3056 603 Sodao: c33aba0p5n BelopE isolation gate
valve 2300705 shutoff valve gp:o? 30E3055E 320905 30dgpsogE onbeotoon: qupdi

$60d:00053600 tower qpsad 2[GEod (parallel)gé oodeofoosdon eqaalgéa’ o383
Gozoopd(equalizer)3oSo? cooling tower qpEidist §ode005863nE 0nbs0ooigs B=0b
aopdi Equalizer 305 onbsolooneomefopé tower oodadsel basin ¢ eqelgC(level) $&eol:
ago:Clon oofgps tower 006cde ey ofeepadom [gpdeud8epdi 033 eegalgE(level) B5:3
§§320305 equalizer 305§ valve gpzo? [g[gEB§:86:(maintenance)§§e cagi€ 32[§ gEaonzqepdi

Cooling tower o€ 006s086pd30dgp:ei sa[gE(level)od eqaalgC(operating water level)
0005 §68€20g88eaE 0obs0Cauigs 332520001 Cooling tower §Ss0:(shutdown)oozaopdsasl
eqecjeoqs $& pump gp:od 00oC Ge:00003080503¢ ervLd(air lock)eoq$3a0305 0§03
meolelg egpeg, g0 “Ramp Up” afewrod “Ramp Down” [gepdaeo: qepdi

Condenser water pump ©08eenl:§8S 66edupo0pd3adadEs(water suction line)d
eooedeogs basin gps :2038:5 Ade05607 6L Jesqs Bzab0pdN
G.q Cooling Tower § dlo€aopd 32805223E:(Component)qp:

Cooling tower 0o&ad:0pE 32800310005 functional component afgro5§js SloEaodi

(on) Fill (v0) Fan(s)
(®)  Wet deck(hot water basin) (c) Inlet louver §§
(0)  Cold water basin (0)  Drift eliminator o3 [gdoopSi

Structure frame $& casing 030005 0p5680205¢3E:a3Eep element qpsg&le3005H
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ﬁ Bell Cover

—a{ Upper Basin
Cogmelic Plae
Lauver Framewnark
Out=ide Panel
] .
R - [l
2 |
=2
o I
=l
= —
EH =
E: Filling
=! 1]
) e —— -4—'

Intemal Piging (COpdion)

Inspaction Door

Loswier Basin 1
Reinforcemant 5 W ﬁ

= | o
Inilet weater pipe Ciwdlat water pipe

& G-op Cooling Tower 00&ad:0EA0E2005 328053238:qp:

Lowvar Basin

(o) Fil
Fill gpso? 6qs¢ crosalopiapl sapdionia(heat transfer) 38 comigScogsss so0p8ong

qo559[gE (heat transfer surface) e§ox Sqpieoq§eacgnd soo?.@l@ooén
(o) Spray fill

(J) Splash fill &
(o) Film fill opq) 3a§jEz2002 ad:§joopdn

B
-
=
|
-
X
8
-
~

Vertical Flow Crossflow Standoff

Vertical Offset

Cross-Fluted
('3 G-Jo Cross-fluted Vertical offset Vertical flow Cross flow standoff

Counter flow $& cross flow tower qp:ogE splash type fill $& film type fill $8Ggad:03
205g§Eo0pdn Film-type fill [9& [gopboonseomn tower gqpsoopd gpicomegé sagudsnon:
cooscudSenpdoopdi Splash type fill sagjpeaonsenadigioonieonn cooling tower gpiogé ecsé eq
8:e08:005(9$4gCs(air and water distribution) 325p0:c0d FedsgelopE  cooling tower &l
g&seaon8epd(performance) vegpE:d8Ea0n

4-13



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

I_ T 1Alr Out

@ G-Jo Splash type fill

\ig A A=
700

Q G-JJ Seray fill gp:

Spray Fill

Spray fill gpsod HVAC cooling tower gpsog€ seadigecpe§d Spray fill gp:od
:200g[g:elopE cooling tower & efficiency 32098§058E0p5 oofgeoon cooling tower gpisE
£E:0080gi€ spray fill gpindsaadigioonoopd cooling tower 2005 3agudssenindwniGs ccud:gss(air
flow rate)gpaqp: §g$ 33260000
Film Fill

Film fill qpsoopd splash fill gp:398 eqed eeoodcudygp: [gdesmt FodlgEs(breaking)
olgiepSlogeon Film fill gp:aopS condenser water gp: 32§8505:5054gS 0olgpSgpSs(at: B:eots
aeogs $¢ ;oone(plig(heat transfer)gbedcogs somgpigp: [gdesnt [grpdeodgt:
Booctt oq 6 ook Boogep apepoycSHEEE Becpdh FRBEBEIRRS g
9800058EgE: (heat rejection capacity) deomE:eooopdi

PVC sheet gps(vacuum formed PVC)qp:od sa0ddg) esiccodsaago(vertical layer)
[§86320& 0opdeaonadoosaopdi ealEadodaaagn(vertical layer)qpseloypé
() egBe0E:903 0808000000 [gdGo20p0N (uniform water flow)
(9) 9dgspbso0pd GoBieoCgs(low resistance air flow)od [gdcocomaelopE Bzan:edigeq (air

pressure drop) $05:20051

32000500058 Egd:(heat rejection capacity)opagi€ “Film Fill” qpzoopd “Splash Fill "gpscood
3q) efficient [5G egpoondoonaopdi “Film Fill” o3:a005 cooling tower qpzaopd oofgps cooling
tower gpscocd 3agud3a00: 36 Goo:cud00p0n HVAC cooling tower qpssan:adso0pd 009328l “Film
Fill” gps03000 3203g[030005
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Wooden Structure

eqesaqj$on cooling tower &1 o§6(frame)od c0daxigpgé oopbesmrad(pgaopd
Steel structure — Galvanized Steel

Cooling tower gp:20pd e $& 6q 0O Es05 =o[Fond: Beogesaopdesep [gbeom
elopE ddeqE 00509052001 adeqEond[gle 0M0Rudes 220305 ddecB(carbon steel) gp:ad
galvanizing [gp&lo3o0pS Galvanizing e300p8¢n 096 (zinc) 3(lead)sC 3208805 (aluminum)od
Beepody) odeaB(carbon steel)zaed o€ saaglgdesmE :3p0[gCs(coating) [gdo0pdn Carbon
steel structure gp:o} vcoBg> V3053§0>c366(Hydrochloric)a0508 saeqpR 9Bewrod sorcvlyed
(sulfuric) 220500 3a6eqRgE esotelorp 0&0Eqa0d

SPEED REDUCER FAN GUARD
DRlVESHJ\F——l' AIR DISCHARGE

FIBERGLASS REINFORGED
COUPLING GUARD F AN ﬁ« Aﬁ- ﬁ / POLYESTER FAN CYLINDER

MOTOR EXTERNAL OIL GAGE
7 AND DRAIN
FLOW CONTROL VALVE _\ e = 5& PERIMETER HANDRAIL
i J - T /_
__f = A

DISTRIBUTION BO.K—\\ INLET CONNECTION

i

DISTRIBUTION BASIN —

N8 ¥ o UNITIZED STEEL
e MECHANICAL

EQUIPMENT

SUPPORT

METERING
ORIFICES

DRIFT
ELIMINATORS

Y
2 & CORRUGATED FIBER-—
AIR INLET ==> \\ A i ——— GLASS REINFORCED
g B POLYESTER CASING

|
/
|
|
|
/

CONCRETE BASIN
/_ (OPTIONAL)

i
T
WOOD BASIN (OPTIONAL) —/ b

MAKEUP VALVE, OVERFLOW, AND SUMP
ARE FURNISHED OMLY WITH WOOD BASIN

ERINNEREN

\—LADDER

$ G- Cooling Tower 00&9§ 22805323E:qp:03 Gwd[good
adesn0d  Zinc  communism  chronicle  o>§0303  $6qoopdn  Fee[Erodd[Biesnod
2366p8m§(Zinc liquid)adoge $dqoopdn aesn0d eelg caoseloypeopdn Water quench bath
[geod[g8s  [9B20pdn  aBspb:od  “Hot Dipped Galvanizing” spbs  o3ewpod “Dry Kettle”
$p5:0pesl 00pdi Galvanizing sacgoeisacn(film thickness)o3 ounces of zinc per square foot of
metal surface [§& 200500520051

00$301gE 0doongSieongC (J.p8)esanlog8:(2.35 0z/ft?)gE coating cvd[ges afewrod
hot dipped galvanizing cpS[gEsgboopdn Galvanizing [gopd[G: 20pd structure gqps ©§d(frame)
qpod 0eumeacd(gls(welding) o[gedooéaln neuesod[gés(welding) ¢lgbedlameam sagp(heat)
elop¢ galvanizing coSaon:0005 Fa03042(coating)ad805 God8:02:8E20051
Boeuesodgés(welding) [gepdaopd esepe o] sdegEonndenpdoopdi Belo3pé [god[ge:
(cutting)sé  ocweeodgts(welding)[giepdBiwax galvanizing [giepoqoopdi Galvanizing cpd[d:
G008l bolt $& nut gp:03 adzq) oodeot (assemble) §E20p5
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Stainless Steel

Stainless steel 00p5 carbon steel coodenaqié $§EqpS(structural strength) 3soS:o0pdi
adeo0d  adeqronodfgl: 3ah0d  J0mngud8Ea0d egpogodopt g§8€eom  stainless  steel
B§rz0002gP0pS SS 304 $& SS 315 0 [gdo0pdn wS(frame)gqpsod odead(stainless steel) [g&
[g096qi€ stainless steel bolt $& nut gpzo3oo 3203geCR§oopd
Concrete

:20g§[03e2:00p5 cooling tower qpzo? abeon(concrete) [g& oopSeeonndeno§oopdi
Fiberglass

eem&(hot water basin) $& eqesan§(cold water basin) qp:od fiberglass [§& [gewd
[p32005
Stressed Skin Fiberglass/ Stainless Steel Casing

Casing qpz0d Googaep cubselopCianjgd copdeomEs saommadejyd copdieomnts
cooling tower 22038:§ Googps 22[gEa3 vegpod§eo§3a0305 copbieamEs saaddglor025:

Casing 32[gd 222gjoopd 0gpSigps(material)oopS galvanized steel 1 fiberglass & UV
inhibited plastic panel o3 [g620p01 Galvanized steel panel o3 a%:0qi€ epoxy a3wupcd polymer o3
e§005ed: 3aag(final coating)sefgd codspd Gozopd
(9) Hot Water Basin o8eupob Wet Deck

Hot water basin o30up0d Wet deck 2005 cooling tower @il 3360l 3€:03E 00pb§oopdi
Chiller ¢ ogodomnaopd =apd§lgean condenser water 20pS cooling tower 820p8:03
eepod0pds¢ oQEs0d hot water basin o303 B:0€a0pdi eqpgps B:0€ano0pd mScud
[g8e00e[o3pE “Hot Water Basin” vp csl 2opdi

Hot water basin & 02082005 oeg:e$600 condenser water qp:ad fill gpsediad
:2p33q) 031606$ (9620051 98eomn p8oongd 3a08:0ndgs(uniform heat transfer) [gdeo§Ea05
Cross flow cooling tower gp:ogE hot water basin 20p5 c3&eameqmscodlyod: esaodeg]
Fedlodcudgpion orifices 33(gdges0p51 peo condenser water 2005 return 3o5e0d6s0E hot
water basin 32038:93 eepod§om angalgelsas(gravity force)elopE saedlodeud mecigpso
006e0¢ fill gpsed] PBpogn ogeodsagniagdi

Cross flow cooling tower & hot water basin 20p5 [gobe)i 025¢) qa0pd(removable)
:§mo0n: [gdoopdi Counter flow cooling tower &l hot water basin 2005 Gocoéelo3ps(air

steam)oa€ 0opS§oopdi

Cold Water Basin

Cold water basin 20p5 cooling tower &1 6320056[g8Cs038: 00p5§G: 32632:5[G:0000eq
(cold water)gp:o? [g$copSpopd:0000 3200603 crbeaoEeusoopdl Gs3M g (o rooder
(00)c005e 3035056000 6aEI§3cLOOIMGV: [§20pdI ABm§ade eqyp:o? condenser water
pump oo 950p20p51 Pump 6enEies009 24$03E 66225052005 (0 j)0nde0005 $5:00001 Cold
water basin 2005 cooling tower oo&9adiopE saeeesa(ofeeds(critical)pdesiod qpbesmt cosg
2001
() Condenser water pump §000&0p93280508 Bob30038:§ condenser water g3

96800C:038:0000:000:9%

4-16



eomEs0005028 Chapter- 4 Cooling Towers

(9) Condenser water pump ©0oEewrE:00008580503C cold water basin o€ pump 9Sopqs
DR 6qRCO3GC0H fescoqil (Pump 06wE:a00d 3280500§03¢E return pipe ¢ Gayp:
qod9Es eoqeapadcSEAN eaendeaoddlon ecodlgts(air lock) [gdedl §E2000

S

.

=% B ¢
- I @ — | “ ‘
4 G-Jo Belt drive ¢ G-JG Gear drive 2300p0b Direct drive

(20) Fan 1 Motor $C Drive

Cooling tower 5 saaddgeonn fan $6§go0pS centrifugal fan & axial propeller fan o3
[g©20p5n Forced draft tower o€ $&§zads 3200¢q[G¢ induced draft tower qpopE axial propeller
fan o3ox saoddgoopdi Fan gpssaclopE:od fan 320§:(6) (Chapter-6)oE 32600805 eudlg
coxso0pdi Fan $& fan eodom(motor)gps  safogpiopE  power transmission [giopdeSsaogad
mechanical drive $6§s03 2203:g0pd1 0§om[g¢ centigs(belt drive) $¢ Bom|gé curtdgt:
(gear drive)o3 [g®a0p5n

(c) Intake Louvers $& Drift Eliminator

Cooling tower & fill pack gp:e823 erogpseepadognieoqs crooedodgps(intake louvers)
o3 00608 0oq[gEdgbo0p0n Drift eliminator gp:o? cooling tower ¢ coogps agodepdesepog
00680 conzoopdi Drift eliminator & 0082005 ecoedsmelope [gbedlconeon eqoodgp:
(water droplet) o3 cooling tower il 22[gEon0593 cgCogndeogniesnt omzeBicoiq$[gdaopdn Drift
eliminator 03 PVC 30005 steel (g€ [groSenp§oopdn Drift eliminator gqp:oopd eoosi ognep
m&:e@)&oﬁ 90° GO’_HS e@o&cﬁogo:esao& a’e:@& 0%90?05 Gm:@& EIC\PE)GO:ES:@@
eaEodcudgp:aopd drift eliminator i §oSopE 3058(trap)esom 0y8qd3[8 crogp:aBom cooling
tower ¢ ogodogs Gooopdi  ofspddgE drift eliminator 2opS drift elogplgded coneom
caedigsa(water loss) cagpspdieaant [gopdeodgts [gdoopds

G.© 20060050 (Principle of Operation)

Cooling tower o3¢ water spray system i fill packing material $& fan 03 Glo€oopbn Spray
system 2005 @ep(hot water)qpzo? fill packing adl a3 [g§eqjaopSi Cooling tower 320385 Go $&
eq aBeogesa00d qodso[yE(contact surface)sforn  Jgpsong§zeogod fill packing  gpiad
32004g[03[gE: [gd20pS eqp(hot water)e 304 §§000995350305 fan ¢p:aopd Grogps(ambient
air)o3 cooling tower 2038:03 oeepodesnt eeontgodeusoopdn Condenser water © ©dup
2005680280026 3pqP:0d cooling tower 32038:5 sensible cooling vudcodd(gE:spd: $E caeg

e[y 22903 ©udapad[gE: (evaporative cooling)spds $6505: o3[ gopadoud (reject)oopdi
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Cooling tower ¢ @&§000520p9 sa00wdM(amount of heat rejected)aopd 0€aw200d
ecoei Dry Bulb 320§ (sensible cooling [g6g$320305)$& Wet Bulb 32058 (evaporative cooling

[589$320305)e0l 0gE ©anpba0pdN

Condenser circuit 03¢ do€eoon equipment gpsen cooling tower 1 condenser water pump
$C chiller o3 [gdo0pSn Condenser water pump 2005 condenser water o3 chiller 32038203 0553
20pSi Condenser water 205 chiller 92038503 eepad§Q: chiller 320350 32003 060y [Bresn0d
condenser water s209$ [§Eon05cm0pS Besn0d condenser water 20pS cooling tower o3

eepod§G: 3P0l eroopadd  g&oodd(reject)cdabeamaelopE cooled water basin o3
eepo5a0p0358l condenser water 61 320§$ 860731032:00001 00d0& condenser water 2005 chiller

20980 2R3 900eS [gScuod ofeepodagnsoopdi Chiller | condenser water pump $¢
cooling tower o 3303E:5 condenser water 2280056[god 50500

Cooling tower 008020005 3204203
(o) Heat transfer o5

() Mass transfer 505 $&

() Combination of heat and mass transfer $05:03[3¢ 3204203 9§ 0005 (reject)oopdi

Baoeplicdyq  ofoopd(constant  pressure)saefgesacsogt  saqd(liquid)mslgde  sseg
(vapor) =:5[g628 sa09€e|pEigts(phase change)o? “Vaporization” vpesloopdn od vaporization
[§62005 =2§§RE ©O0ura0pd =003 “Latent Heat of Vaporization” opesloopSi 6roood3x:
(atmospheric pressure)og€ [gbeclagi€ “Latent Heat of Vaporization” at atmospheric pressure oy
esloopdn Cooling tower 20p5 condenser water ¢ 20354§),09 Gcoa303C:03 “Evaporative
Cooling"$p54{s¢ g§0003(reject) coS0p5m Belopt caadsq [(goe0l copdn oBedigeogroopd caod
“Evaporation Loss” 0peslo0pdn 6820050l O(G- J§))20p5 counter flow cooling tower oodcd: @i
@6)(condenser water)s& 6o320§8s00500¢(temperature relationship)o? ce5goonzooodi

Condenser water 3209$ 20p5 A © B 98 curve 0p€ [goon:a0p532038: 8690820948
ecooal Wet Bulb 220§§0005 C ¢ D 93[48oo050000005n Condenser water 03¢ sa0edigsqEs(heat
loss)(g68:  =a8:§ecocpopt  3a003gs(heat gain) [gdecloopdi Condenser water 820§
ogo[gpeqod(temperature difference)oopd condenser water entering 320§8(cooling tower 32038
a3) ¢ condenser water leaving s20§$(cooling tower ¢ 320905)03 §050024gEsgbo0pdI A 32505

B@&ooéu
B:ogS  ognlgpeqod(temperature  difference)o? “Range” op eslaopdi Steady-state
:efgeeesdd cepodi§sogE range 0pd condenser water ol £6s08: ogdieom SO

(GBS

Air Conditioning, Heating, and Refrigeration Institute (AHRI)@ é(standard)m@&
2005905002360 chiller © ogodaooopd(leaving from chiller) condenser water 320§$2005
35°C(95°F) [g8[Gs chiller 30pE:080E2005 (entering into chiller) condenser water sop§§a0pd

29.4°C(85°F)[g520051 aB3a910503 ¢oopde) cooling tower qpzod 8&E:cpd[ogo0pdn
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F0ddg|d(application)sE cooling tower egegudd(selection)edl @onpde) a3lgpsgqp: §$Ea05
A

Hot Water Temperature (In
A t Water Temper (In)
% o (In) into the Cooling Tower
¥ W < (Out) from Cooling Tower
3 ° e
& . B - Coli\!!a_te.-_r Ie_rn_pirature (Out)
= T _S
s 2 :
1IE S
a
< Ambient Web Bulb Temperature
C DA

FERCENT DISTANCE THROUGH TOWER

$ G- Jg Range $& Approch Temperature 0303 §&:055 cbgoonsd

Leaving condenser water &l 320§ (point B)$& saoecusi(entering) 32088 (point C)
o3el [gpasnzg|eda0pd cooling tower & “Approach” o&[gdo0pbn 0odepbieani{gE ot Wet Bulb

20§53 eepodeant gpondeseanaelogpé “Approach” sl ad[gEsgdoopbn Approach aopd
cooling tower oodad:el 3200050058 EGs(capability) [gdaopd

320g8[0%:e26000(Bm600p50005  J[oFesnt [giopboonieam) cooling tower gpzoopd
209Scudeoo approach (colder leaving water)od cos§aopbi (200de0dcon:e0m heat load | flow
rate $& entering air condition qp3a0R05 20o[gdVESH) Gooo(atmosphere) 3303E:03 g&005
a8odeomn saguwdan(amount of heat transferred)oopd heat load imposed on the tower $&sa(g
opp8o0pSi

Cooling tower oodcd:el opsalpC:8E200d sa00En(amount of heat transfer)aopd
o3 cooling tower &l sap00d00058EQE:(thermal capability) $& ofcooopdecost =20qS
(entering air Wet Bulb temperature)o3 edl o€ ooopSooodi

0065p5:32049¢ cooling tower oodad:eicpbesonEgEgds(thermal capability)eomEseco
2ogpPigp: 950005088860 [gdoopdn 0€cxnaopd ecoel pgS(entering air Wet Bulb
temperature) §6600 3209500058962 gy (B0

oCaco(entering air)ei Wet Bulb 8000005 cooling tower oopS§ep esooel epadpop
e0logE  @oopdaopdbn  Cooling tower oodadsel gd:eeonCepd(thermal  performance)aopd
08an20pd ecoel Wet Bulb 330§8cdl0gE sagped: ©oopSa0p8i o€aooopdecus Dry Bulb
oS $& relative humidity c0pd mechanical draft cooling tower ¢l g&seaonepd(thermal
performance) 330305 225p5:c05000 F0Ea00d6epodg(insignificant effect) §oopdi Cooling tower
00bd:el Gaedige 5p5gCs qpegC: (evaporation loss)[gdg sa6dl0zE woopSoopdi

Cooling tower 006cds 3203E:08 ofeepadogneom Gaos psychrometric analysis o3 O(g-
J9) $¢ 0(G-J6)opE esdlgoonsoopdi ecoop (ambient condition) (point A)og€ cooling tower
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0832038 ofeepodogi(Giesnod condenser water ¢ heat $& mass(moisture)od @boy
agn:00pdi Begnod point B ¢ 00de0¢ agodognsaopdi o point B sacfgssesaopd saturated
condition [g&a0p5n 986205 2005¢05000:2005 2208§0050de LLIANCONS5pd:0000easl(very light
loads)jgogE ogodagnionpd eou(discharge air)aopd fully saturated [gogiEe [gde0c86ebi

LEAVING

WET-BULB
TEMPERATURE

ENTERING

WET-BULB ﬁ 1
TEMPERATURE
A 2 —Ws
=
= -
m —
? 5
= =
o 2
= o
- Wi &
= o
L ]
T o
E w
= "o
o 5

SENSIBLE HEAT TRANSFER

DRY-BULB TEMPERATURE
¢ G- J& Cooling Tower oodadsel performance o3 psychrometric chart col 0gE ewdgoond

Condenser water ¢ coad opselgpEzogazoopdsap(heat transfer)owdanaogd cooling tower
:038:03 o8agraopdecoc enthalpy (enthalpy of entering air)sé agodogn:oopd Geosi enthalpy
(enthalpy of leaving air)ogo[gesged [gdoopdn (hB — hA)gdoopdn sao00Seoppéedeoadd enthalpy
cB&sqpo0pS Wet Bulb 320§S c38:qpzss so0gs 8:006g> §esoeloppElgdoopdi cooe enthalpy
e[gp&:cdg(change in enthalpy of the air)aopS ol Wet Bulb 208§ e[gpCscdy o&fgdoopd

O(G-J6)e Vector AB 20p5 ecooo(ambient air)el total heat gain [g6o0pS Vector AB o3
component AC $& component CB s3[g6 §8Eo0p51 Component AC 20p5 sensible heat portion
[020p51 Component CB o0pS latent heat 28E: [9620pS1 oCamaopdecooopd point D o3

e[gpogm30qC Wet Bulb 200§ 0poBaopbi o86o05 Dry Bulb 920q$ J[gGoopdsadl total heat
transfer(vector DB)aopS 0po8c86epdoon  [gdaopbi  Sensible  323Cs(components)sE  latent

323E:(component)o320p5 g egpEiadognzoopd
DE 20p5 ecosi sensible cooling 528E{g6o0p5n Condenser water 20pd 3¢ (heat)sé

eq(mass)zad), 03 ecome0sad g§aoodealopE EB aopb latent heat [800pbn adeloppé opodoopd
water cooling load 320305 latent $& sensible heat 03 §§00050620p) VEdANFE|E0D GpPgd

6[pE:cd§Eo0pdn Latent heat $C sensible heat 03 g§00052005 vwraN ZogE0pS cooling tower
0060d: 61 6RYPG TJeUPOd eI YOOGS 3209$366:0la0N
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Evaporation cooling $254g¢ 20gp:03 ©0da05a0p)38l aqyp: ediqg:agnicomelopE “Mass
Transfer” sp5{g¢ 22003 ©udooddge: vrgeopds ealedecpdoopdi “Mass Transfer” $o0:
a3e0r05 Evaporation cooling $05:0005 latent heat 823&:5¢000 2005a3EG: specific humidity
e[pE:cdesE 0305805 sagragoopdi

3200056[0pEadea0d oCamaopd Dry Bulb 32088 oBoupod relative humidity 2005 latent
to sensible heat transfer & saggedlo€ @oopdeamelopE [gdaopdn Latent to sensible heat
transfer ol sadjp(ratio)oopd eegdjsS(rate of evaporation)sacol opEoopds a0jz000566podg
§oopSi

(G- JB)ogE [goonsaopdmac3Es case AB(WB — WA)SN cqegdjsss(evaporation rate) aopd
case DB(WB — WD)al ceegdig$i(rate of evaporation)ooobspS:0opi saonudelopéadeadd latent
heat transfer(mass transfer)oopS total heat transfer & GooscuSeom owdan[gdeoomelope
[gB2005

Cooling tower oodadsel 83E: 320[gesapt [§0SEe0m cuomnLy eaeggS:(evaporation
rate) 2000 eqBsgSe(water flow)el 0% [gdoopdn 7 K of water temperature range [gdoopdi
qé:geqegdigSa(evaporation rate)oopd 8&&:030500m eeeg gSi(design rate) cood §p5:00001
320006 Ppéadeadd poood Bewrod 632:00p0epa80gE 0aeom eruel eYS ool

conoopbslany| sensible component 3qpsconB: latent heat transfer (mass transfer) spSsom
eaeg ig$s(evaporation rate) $05dgE:elopé [gdoopdi

eqeg[gc: (evaporation)elopé  eqedsgea(water loss) [gdo0pdealgE  oSomelopE
eaoodgp: cgolfgts(liquid carries over) $& eqe@05a05E(blow down)ooopd o3elogpEaopds
eqedgeq (water loss)gp: [gdedaopdi o§omaelopé eqoadyp: cgColgs(liquid carry over) $&
eqew0daod(gEs(blow down) o3zac[oypEiod 650058E:03E eudlgaozanpd

G.¢ 8&C:3ncfgEacsqp: (Design Conditions)
Cooling tower oodcdel pOesorEEgds(thermal capability)od 630050 3105
(parameter) gy 2005905205
() Cooling tower 22038:03 oCaxaopd condenser water &1 20 $5C¢ 0g0dogs0pd 2:0{S
(entering and leaving water temperatures)
(®) ofeco &l Wet Bulb $& Dry Bulb 200§ $&

(0)  Condenser water &l cqB:g&:(flow rate)od [g®aop5

gPseomzandgé condenser water velocity 2o§p0:ads 1.5 m/s o sagpsads 3.6 m/s 326[gde)
condenser pipe 22god202:03 6g:gudGnR§ oS!

Evaporative cooling tower o3& eqegd[gSs(evaporation)gdoood  equeraNa0d
o8aaopd Groel Wet Bulb 2085E 200563800051 Air conditioning o3& 0320005 cooling tower
0066l 32000500058 EgS:(thermal capability)o? nominal capacity [§& esS[geap§oopS

aq60dencdangyé ewrlaopd(electric) chiller & evaporator ¢ o ©3c306(1kW)
22632:0005(cooling)q§gs 320305 cooling tower 2005 #§0S:clg 0. g 030c306(1.25 kW)
0N 32003 ©0daod(heat rejection)co:gs 833620001

4-21



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

eqdssSi(flow rate) 54 mliter/sec §oopd condenser water e 30§8 35°C(95°F)e
29.4°C(85°F)eqpobeaant cpo8Eag 0nba3cd0b(1kW) 3a080005[gCs(heat rejection)gdoop
ad3§$0g¢ cooling tower 3303E:03 oeepodaneam crosl Wet Bulb 320§§a0p0 25.6°C
edlopt =aefgdoopdn dmefgesogt cdaBcdob(1kW) evaporator cooling §§qs 9Sesscfg
(0.J9)0B3c806 (1.25 kW) oenandeoo 22003 cooling tower ¢ g&codd(reject) cosqopdi

aqoodecdomlgé  eunsoopd(electric) chiller ¢ 0280B8c805(1kW)  cooling - capacity
0005602038 cooling tower 2005 chiller ¢ 028aB3c806(1kW)sa[g€ 0.25 kW of compressor heat
BA sudoodd(reject) Goiqaopdi 0.25 kW of compressor heat o3 “Heat of Compression”
0peopdeal 20pdi 00ds0isdgE 0.6 kW/RT efficiency §oopd 500RT chiller ¢ 500RT cooling
capacity 03 coddeoses§$ogé cooling tower 2005 500RT cooling capacity 33[g€ compressor
©ao5a00) “Heat of Compression” (500RT x 0.6 kW/RT = 300kW = 85RT) 85RT 030l g&oocd
(reject) cozqoopdi oBelopé cooling tower ¢ 500RT+85RT= 585RT g§cood(reject) Gozeaopd
Condenser water pump ¢ heat 03 copdeogod cond 33§),6000 Zoe[gEaesEP:e2005 nominal
capacity rating 22038 320%4g|e0o ©§o0p503 cogqEoRdI

:q|0301gC cooling tower oododiel 32000500058E@Es(heat rejection  capacity)o?
operating parameter qp: [glo3eom eq@aolangdS(entering water temperature)l 6g3>0905
:05$(leaving water temperature) 1 condenser water 8:58:(flow rate) oCecoei (entering air)

Wet Bulb 200§$ $& ccodssS:( air flow rate) o3[g¢ ewdgoopd

G.00 Cooling Tower Heat Transfer

Film

K.,V J“ CyT

T, <Tg

Air at Bulk Water Air enthalpy < Water enthalpy
Temperature, At Temperature,
gt " !B/
KaV/1. = - ,_
N h\\' - h..\ / \
CW'1 > b
Heat Movement Heat Movement
?9°J2

O(G- Q)€ ewdgoonoopd condenser water cgoodcude 32003 Fa&:§eco(surrounding
air)oda3 sensible heat transfer process $& latent heat transfer process spdssdGjaddg

98000508[gE: (962051 A sagoniepEaiybod(heat transfer process)o? “Merkel Equation” (&
eed[g§Coopd

Condenser water ¢ 00593020009 3¢ (heat)oedno0pd 3a&:deco(surrounding air)e
960308052005 vedaN$E P8gooRdi

(G- Jo)ogE cooling tower characteristic 03 0go08[gE ewdlgooazoopdn Cooling tower
characteristic o3 633005313203¢: 0q0OO[gE GwdgoopdspS:(graphical representation)goopds
600082001
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Law of conservation of energy 32q (cooling tower 0o&9ad:03 control volume 8396 vasoay€)

Amount of heat loss form Condenser water = Amount heat gain by Ambient Air

h1 ?
Enthalpy
Air drivingl force

-y E D

o

T 2 B

L2

[

1T} c Water

c
Approch ’ Range !
T Tew F Thw
ab
Temperature

$ G- o Cooling tower oodadseil Enthalpy driving force [g€ codjgoon:d

C' 2005 o€oonaopdecusi enthalpy [gdoopd
BC 2005 initial enthalpy driving force (9620051
CD 20g5 air operating line with slope L/G 620051
DEF o:)é projecting the exiting air point onto the water operating line and then onto the
temperature axis shows the outlet air Wet-Bulb temperature [gd2opSi
L/G 2095 liquid to gas mass flow ratio (Ib/Ib or kg/kg) [g6o0p5

Condenser water ¢ saopedsdraoenmn(heat loss)oopd sa8:§ecoco(ambient air) ¢
9603805000030 (heat gain)owdan $& 080005 Condenser water &l 330ed:gga(heat loss)

0eN30D0 Quater = M. Cp . At [§620p5N
Condenser water 5 sa0qSe[qpE:cdq(temperature change)(gdeomelopé sensible
heat change o2 [gdedlaopdi Bea0d =a8:§ecoco(Ambient air)ogE sensible heat $¢& latent

heat gain $6§jgelo3p¢ sa003:000(gE:(heat gain) [gocdl 20pdn

obspdesmigE condenser water o3 sensible cooling $& eqegeolgisé =03
0050005(g&: (evaporative cooling)spds $6§EgE 3360005
k
Quir = mMyr(hy — hy) Quater = Mygier X 4. 19é (t; —t1)
Quater = Qair

k]
Myqgier X 4. 19@ (tZ - tl) = My, (hZ - hl)

t, = Entering temperature of condenser water
t; = Leaving temperature of condenser water
h, = Enthalpy of leaving air

h; = Enthalpy of entering air
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Mass of water

o3 water to air mass ratio a300p05 liquid to gas mass flow ratio

Mass of air

068l 20051 0$620p5 Ib of water/Ib of air a30w05 kg of water/kg of air [goopSu

eoooo(ambient air)3apd§ 78°F(25.5°C)DB $& 50% RH 20p5 cooling tower 33038:03
eepoda0p038l eqegdeof: 3a9adeudonad(ges(evaporative cooling)$oddgé condenser water o
6222600001 Gewel enthalpy 20p5 30.1 Btu/lb ¢ 45.1 Btu/Ib 9208 [gGona5ogn:0005n 15 Btu/Ib of
dry air [gGoooSognioopbn o 15 Btu/lb 2opd condenser water saeos§§ 00dedlCod 15°F

203§§ 0ye08:092: 6o§E200N

oCamaopdeco(ambient air)el §adEsso(humidity ratio)oopS 0.0103 Ib of water vapor/Ib
of dry air [§8[g: 0godognza0pd Grost SadEseo(humidity ratio)e 0.0233 Ib of water vapor/Ib or dry
air (9520051 03(0.0233Ib - 0.0103=) 0.013 Ib 20p5 eeegd|(evaporate)ogr:aopd condenser water
[g20p5

85°F § §eooo latent heat vaporization 00§3:0005 1,045 Btu/Ib(2260 KI/kg) [gda0p5n
0.031lb x 1045 Btu/lb =13.6 Btu [g520pSi 15 Btu & 0% 2025 eqegdeofgllss 0003
00Sa005[gEs(evaporative cooling)soS:elopé [gdedl copdi og§a0pd % 0§05 sensible cooling
elopElgdoopdn Condenser water 320§§a0p0 15°F a0l crocl =20qS 3.3°F [gConad
020051 Geoal 20 $2000 78°F ¢ 81.3°F o3 [gEon0da00i

.00 Cooling Tower Performance Factor

Cooling tower oodadsel gd:esonEepd(performance)aopS 630050 sagiod(factor or
parameter) qpseol 0g€ 900505
(o) Range (§) Evaporation loss
(J) Approach (©) Cycles of concentration
(p) Effectiveness (qQ) Blow down losses §§
() Cooling capacity (®) Liquid/ Gas ratio o3 [gdaop5n
3.0
2.5
e
E 20 \
2 \
[T
15 |
|
v 10
&
£ g5 B
o
g.0

1 3 5 7 a 11 13
APFROACH °F
$ G- Je Condenser water range e[gp&:c3[gseloppEcooling tower sagud3e00: 6fgpEscddod
ewd{goonzoopd
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ecosl Wet Bulb 900§ [gCoooScn[glielopé cooling tower & g&seeonled
(performance) oeo8sogasaopdi eooel Wet Bulb 320§8 o[gp&cdfglieloppE Approach oo§3:

e[gp&cda0pdi Range agpE:cdfgEielopE Approach 00§:3s algp:ndo0pdi

Condenser water 8s58:(flow rate)qps[g€s 9800p0d range qpsgéselopE 309 ©0Sa05
8Eg&s(heat rejection capacity) gpscoro0pdi
1.3 13
1.2 o 1.2
E 11 \ E 11 el —
w10 E 10
E ik} § 0.3 /“"
5 as —— E o8 7
E 0.7 E 07
i — ] 08 1
50 B0 B 00 120 140 1E0 180 A0 40 [iia] 80 100 120 140 180
FLNGE WARMMCE [%) GRPMYARIANCE (%)
(? G-90 Variation in tower size factor with 9 G-90 Variation in tower size factor with
range. condenser water flow rate.

200050] $(G-p0)0gE condenser water 8:58:(flow rate) a[gpE:cd[gselopE cooling tower
:qudmon: 6[PEdOnd  eudgoon:opdi 830005al O(G-po) 2005 condenser water range
egpe:cd[gEselo3pé cooling tower sagudsron: 6[gpE:cd003 eedlgoonzaopdi(Approach eelgpE:dl)

G-oJ Condenser Water Flow Rate

Condenser water system opC 8:gfs(flow rate)oopd 3a09§ saeEr3Ro0pdn Condenser
water ¢ 30 (heat)qp: Grooo(ambient air)adad sa0e&cood(gEs(heat rejection) [gdeog§ cdeanad
@ox condenser water 8:08copSoode § ©§ 0desoiqs Bead0pdl cudpuyEyé “Range” o3
5.6°C (95°F - 85°F = 10°F)0n§3:03€ sa6(gde) 8&E[gapd{ogoopdi

Cooling capacity 1 RT oqi€ condenser water cqoopSocdsgseoopd 0.19 Liter/Sec (3GPM)
[g8[8s Chilled water eqropSocdg$iaopd 2.4 GPM [gdoopSn cdeloppE condenser water
eqeopduodgss(flow rate)aopS chilled water cgoopSoodgss(flow rate)si (o. j§)eo(1.25 times)
[§820051 g% Bqpzoopd Chilled water B:58:(flow rate)aopS 0.15 Liter/Sec per RT o8o0pod 2.4
GPM per RT (962051

006505:3m4g¢ electric chiller qpzap€ heat of compression 2005 chiller cooling load
& 25% 8:0ks& p8gieamaejorpEgdoopd

:20005¢] condenser water 8sgfs(flow rate)oopd 332600050005 $05:q€ condenser
water return temperature [4¢0o05c0nc8800n Chiller 22038:03 220g§[gEa0pd condenser water
oCeepadanay€ refrigerant &l condensing pressure [gEooodcxnfG: compressor & @b

ads@q(power consumption) Sgps cooc8gepd
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QdGan0Heom eqBigSi(water flow rate) o3 chiller 82038:08 copSuddeogselopt

condenser water return temperature ogso&:conom chiller efficiency 3eomE: aonc86ebi

Air-Conditioning, Heating, and
Refrigeration  Institute  (AHRI) 2005605
qode0q 8&&:3negzacs(design condition) o3&
cooling capacity 1 RT qq$ condenser water
'550|: eaeopdoodgss(flow rate)oopd 0.19 Liter/Sec
per RT 0360705 3 GPM per RT [gdoopdi

Cooling Tower

Lower part load secfgzacsqoaEaopd:
condenser water 8:$s(flow rate)o? 83E: S:58:
(design flow rate)oood =p5:c0d eaqpsd:

eang cagpqi§Eoodi

Condenser
Compressor
Evaporator

3 GPM/Ton 2.4GPM/Ton
(? G-2J Condenser and chilled water circuit

Actual condenser water 8:58:(flow rate) 20p5 design condenser water 8s58:(flow rate)
0005 Bogpigs 832620001 Condenser water 8:58:(flow rate) c3s2600p50005 ypsgaelope
08320205 0332660006238 (pumping power)od [g$:03:ep eapodo0pdi 0ods00:egE over
pumping [gdeoo0p5u

Cooling tower g&:es0nEqpS (performance) pdqiesaq condenser water B:58s(flow
rate)qps[gC: elogpEaopds condenser water supply temperature [g€00050028E20051 Cooling tower
0069qE:83 oppBeomeaowan B:08[gE:(flow)o§oopdsadl (unbalance water flow [g8[gE:clo3p¢)
22§, cooling toweraopd 8&E:Bs58:(design flow rate)aond3¢p:o0pd condenser :58:(flow rate)o?
q§lo>  3p0g0deaEeqS(condenser  water supply temperature) J[g€wascmnoopdi sacgodeq)
:205$(condenser water supply temperature) [g¢eooe[op¢ chiller efficiency ageo:cd0pS

G.0p 900a0pdE05E 9800050005 Fpuwan oppdge: (Heat Balancing)

Vapor compression cycle qpogE evaporator oo 320(heat)o300032008 32006005035
condenser gpzn a3050p0oseoM 3003gsgSc00d[gCs(heat rejection)cpdlogoopSi Compressor
320980 :09$[gE[Q: 830dgEa0pb(hot and high pressure) refrigerant gas gpsoopS condenser

32098203 Gepad§on(B: 505 $6§EGE 3apeudonad(gEs(heat rejection)apdlogoopd

o3 refrigerant gas 20p5 superheat 32085 326 (vapor) 326[gsees|gS sensible heat o}
g&o0od(reject)o0odi 0365005 saturated =SS latent heat o3 g&oood(reject)om refrigerant
:6g, (vapor)e s265(liquid)sagdad egpCsogzoopdi

Condenser load 9005 ©oSapodoopdsaguwdan(amount of heat rejection) [gdoopSi Air
cooled condenser ¢ sapecdonad(gEs(heat rejection)elopé crosiznnq$ [gres0:qod 9°C © 12°C
0§ [§€0205 ezt 88E:006e0y §oopdi 32m0de] S0 S[gEanndg(temperature raise) 10.5°C
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o3 206[gde) 0gedag€ 1kW sap0wmo? g§cocd(reject)q§eaogod crodigs: 0.093 kg (mass flow
rate 0.093 kg/kW)c33260005n [1/(10.5x1.02)= 0.093 kg/kW]

powagyC §eosiondeci air con unit 2005 350kW cooling capacity §8: 430kW sagoenn
0050005[gEs(heat rejection)(gdbgs crodsssi(flow rate) 40.85 kg/s aBwwpod 36 m’/s §oopd air-
cooled condenser o3 332%qgqepdl GrolgE 2088000500008 GgEo0S volume flow rate
0300705 mass flow rate dqpzeomaelopE esapadared c8abaopdi
“Water Chilier” Mechanical “Water Chiller” Mechanical
Refrigeration Refrigeration

Pressure Pressure
Coaling Towers Cooling Towers
otal Heat Removal 2512.5Ton
7 L 7 7 i
/ / / Difference of less than 3% /![ { :! i
I
Load / X’ 2043.1Ton / 469.4T¢n
Chillers / X = Motor Input kW of chillers Chitlers / X = Moter Input kW of chillers
& Condenser Pumps & Condenser Pumps
Enthalpy Enthalpy
Q G-pp Heat Balance Q G-pG Heat Balance

Condenser Load = Evaporator Load + Compressor input power
Heat rejected from cooling tower = Heat gain by chiller + Heat of compression

pow> condenser 0069005 sap(heat)owan 12kW o3 codoodd(reject)qea0g05 30§18
35°C §eoon [gE€oecu(outdoor air) 20pd 320q$ 50°C 2208 [gEonoSagna0pbi o condenser 20pd
8 kW mgoemod oudoood(reject)qs 83208 [gE€oeco(outdoor air)oopd 15°C [gdagé
oS 0pdg 32080005 ognsepdspd:
Temperature difference = 50°C - 35°C = 15°C

Load

Temperature Dif ference
12 kW/15°C = 0.8 kw/°C
T P

Condenser rating

“.’

> Qrwjm ed
Qlw(l

v

S
© G-9§) Carnot cycle for refrigeration
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a3 condenser 20p5 1°C ga0qSozo[gp:odts(temperature difference) sagowoan 0.8 kW o3
ooSaood(reject) §Eg8:oopd

G.0G egegjudepapt odoiqepd 32105¢p: (Selection Consideration)
38el cpess(application)sé co&eagdesmnseonn cooling tower o3 egegdeacgnd
6320053 2agj058005gP:0d copdagiodin:gs c33a6a005
()  Cooling duty (33266000 3a0005000558:(capacity) | consopd duty sadjsaon:)
(®)  Economics [B:gnieezopodegqoiadgl 0nbsolqsmSoyo§od(installation cost) 1 censsé
copd0oadgs mSaqo§od (operation cost)]

(0)  Required services (33362009 02:0633§jE320:4)>2)
(@)  Environmental conditions (0obo§:0qCad aB805ed o§i cogpla e0:g) a30wpod crzagP:e

$¢ &o0pbesepogl cooling tower o 006s0lq§ woCecgpeon Legionella Jigos
(pathogenic gram)sagepodeo3pé [g620p5n) Legionella sa6(o3pE: 3600:805 8c8dlmn
http://www.nea.gov.sg/cms/qed/cop_legionella.pdf 03€ eapan§Eaodi

()  Maintenance requirements ([g[gEc8§:036:q5 B2a0g0dgp2) $¢

(©)  Aesthetics- 33[gEcvog & 0§ 03[0 (cplgEaptiarE ondeofoomieom cooling tower

qpP2eas [03p260mE:e308 [girpdooig§ Buunad omgoongs 8620051
32000501 20g0530005qP:a0pd  0d9slonde  3[gSmrSociedy  §o30000

0069gC:803 s08:066g:5/05 qepdi
3200050] 3qi0dgP:3e[gE cooling tower egegud[gt:s 200dadEe0m Fag0dzCLNSGPiw
(o) Safety features 1 safety codes $& 2005e3Ee0m Gong§ontiqees 0pdiqd: 0pbints
qpicp adgoqeps

() 32680005358 3§Emee:03 806 qIeodao:aopd code gpod ABadsnqepd (Conformity to
building codes)

() General design and rigidity of structures (0opSes00050pd structure 83E: $& soqjpeaon:)

(G) Relative effects of corrosion, scale, or deterioration on service life (95eqio005[gE: @63

00 g&sqpdoyeotgls $& 32addg§Eo0pd 2005008:03(g8: a0pSc3sE 20ndedeom
2odYPs)

(§) Availability of spare parts (2a80gp5sgp: 350905000 q§8E)

(6) Experience and reliability of manufacturers (cooScpdonel  cpScimeo[ogse
805%%6&@1 I 9§])

(Q) Independent certification of thermal ratings (eodlgoonieom gb:eeodCqpdsSs(rating)gp:
03 00050520500 Co[gP:eoN3Y DEPPE GD05dGLE)

() Operating flexibility for economical operation at varying loads or during seasonal changes.
(6518560008 epaBpopEmic(sy [90edl§E0p5 load gp: sl & oBoSpdeEné
60&:8E4)03 [gda0pbi
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od3agedmc0odgpeaagE  op&dlg(equipment  vibration)  soodod(sound  levels)
sppd2deaqRspdieant ceonlqodlgts(acoustical attenuation) 8apon8&E:(architectural design)
$¢ Bodeagp PBeoglydbyg 030Bd: 3280000z 0dionigERd [Baopd
Cooling duty $E200583E6000 329/05320005qP:0005 33[gE(height) saqRS(length) sacn
(width)  ecocopSocdgss(volume of airflow)  fan $& pump odel gdsmaCad:gusss(energy
consumption) 005680005002200p9 0gRdsEa§smaens(materials of construction)i ceEaqEdzPE0g:
(water quality) $¢ egrogodopE g§8Eq(availability)o? [gdoopdn
8832680005358 aJeupcd 88 system 220305 3eoMEiadisC spo0CangHede00n cooling
tower 3a§jrmoonisC 35gud3202:03 economic evaluation cpd[Geomn q§8E0I spSi0pmeq
(technically) sa008enqpeddgdes 3260003 B:gnieqzaq(economically)copds saoE30(god qp:a
835620001
2007 ASHRAE Handbook ©ospG¢ Chapter 36 S dl§eoo> HVAC Applications =08&:0pe
32002000 Bsieqpanq 03096[gr30dg fiog sos:0bspd:(economic evaluation) $6§Ea3 cedly
00230001
() Life Cycle Costing (equipment o9 0oudo0pdese d:wqE] qoSLdVIE300 oSy
o805 gpadié:cf 0godaophsndi)st
(J) Payback analysis (0058t 02650EqS cpEmyE§odgp:a? [gScodefes $60pdqfo3p0p503
030500095058 [g62005n)
3200050] $p5850505: 305050 [3055020056p $5:03 323 g§Eo0pd
32088:cn§oneodyp: (initial cost) 30305 6320053 Sag0dzLA50303 c0pda3E: odion:
20&20001
« Erected cost of equipment ([G&: 0o§§: 020050300305 cp§oze§od)
e Costs of interface with other subsystems (00058382009 oofgpieom subsystem gpsse
interface cp5q$ crSoy0§05)
e Pumps and prime movers (0§ 02009 033203050 S0y0§05)
e Electrical wiring to pump and fan motors (0§ 1 6e50m $¢ fan eudom ol agdoddlomnse

2005838600 cpSoye§od)
e Electrical controls and switchgear (chE)ooS panel qps §<§ control gpai switchgear o% :390308
02§010805)
« Piping to and from the tower (3o5gps 0268088820305 Emy0§od)
e Tower basin 1 sump screens | overflow piping and makeup lines 1 if not furnished by the
manufacturer (oofgp:eoon 22805328C:qp: 320305 MSy0§od)
e Shutoff and control valves (o00:qPs20305 0rSq080d)
e Walkways 1 ladders 1 etc., providing access to the tower 1 if not furnished by the manufacturer
(60gPOHCGs GrROM:03320R05 HSOO{od)
Fire protection sprinkler system (8:consomogudes: 3283204320305 p&ayo§od)
3Ca3Cqa0005 opSoyo§od(ownership cost)st oB5:0384q[gEq op§ome§od(maintenance
costs) 03330305 6320050] 32g[053200050303 copdagts oSS
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e System energy costs (fans, pumps, etc.) (006§o§ewnCiq$300305 cB32600p) g&imal
320305 ophoredod)

e Energy demand charges (cgi60denc53m:0 0r§aqo§od)

e Expected equipment life (826gpcog8ad:6000 20adg8C0pd 20050062)

e Maintenance and repair costs (a3§:036:0§05 $¢ [g[yCodod)

¢ Money costs (3203:03051 6ga03:600E:99 020503320305 copdeemniqepd 0§od)

G.0§) 3agudzaen: 6geqidfgt: (Cooling Tower Sizing)

Cooling tower gpsaopd central air conditioning system ¢ 9800050005 320 (heat) gqpzod
a0 chiller 61 compressor ¢ 330 (heat)gp:o3copds 3090003 g&aoodeusqEopdn Chiller ¢ 8¢
(heat of compression)oedanaogd chiller & efficiency el @onpbaopdi 3a[6:eag¢ gc0d
eebomgé cuneam(electric) chiller gpzzaogad cooling load & g% [gdoopdn oBefo3pé cooling
tower &1 sagodsaons(size)aopd chiller cooling capacity &l o J§% [gdoopSi (0. j§ 09§, [§6205 )
agl608eu50m(gE een:0005 chiller 33030500 [§&aopS

Chiller efficiency 20pS cooling tower &l sagodsaon(size)ed o @onoboopdi Cooling
tower & 32guS3002:0005 B=620p50005 Ganscudesag  SgeudScood[gs(heat rejection)
ecdeanodeaneoPpé ogadeasapgiS(condenser supply water(leaving)temperature) [g&oo05
cncB6epbi adelopE chiller efficiency oqjeofsogned€ooodn Cooling tower ¢ cQOdeqEOS

(condenser supply water temperature) §6cq€ chiller & efficiency SeomEsanaopdi

Cooling tower 205 98s3§a2q ogodeaeap§$(leaving condenser temperature)od coosh
Wet Bulb 220§§ 23eepodesnt 8&qeo: §Eo0pdn odad 86995320305 qodsnlgedurn(surface
area)oqodoqdsC ecodigss (air flow)qpagp: 332600001 AB03ad 8&E:cpdoonseom cooling
tower gp:a0pd chiller efficiency o3 38 comEigS&eoeaddoond: cooling tower oo§d: Boupcd
o608s $&  copSuddeonSoyodod(operating cost) ©20p503 3e0eE  gPIP3EEdI
832600050005 Jqpeaopd cooling tower 2262030503 00680E00:gs 8326088051

Cooling tower ol godgolgEedumn(surface area)spdsgs qpsg:oopd capital
cost(cooling tower 0o83:)5E000 20058382005 Cooling tower &1 ceoB:gSs(air flow)spSsgts
qPegEs 20p5 copdoucdes mSaye§od(operating cost) $Ea00 20058305

oBelopé orndeoon cooling capacity §oopd cooling tower $6cd:¢ godso[gEe§orn
(surface area)qped: GoodsgSs(air flow)spd:aopd cooling tower 20pS capital cost qpeGs
copdoddes orsoyedod(operating cost) $p5:c866pbi qodsnjgedumn(surface area)spSid:

ccod:g&s(air flow) qpsoopd cooling tower 20pS capital cost 548 copboodes mrSoy0§od
(operating cost)qpsc86e5i

ABelopé cooling tower 32guS3e02:03 303800800805 (initial capital cost) $& chiller
cooling tower &l copSoodes mrSmyo§od (operating cost)od sajogpioré saeomEsads(optiminum)
[g0e320E §Se0q) agequSeges (605

4-30



eomEs0005028 Chapter- 4 Cooling Towers

Cooling tower o3 chiller & ogodeq@apq$(condenser water supply temperature) oeq
;oS (return temperature)c3326q105 $& cooling tower §oopdesepel Groop(outdoor air) Wet
Bulb 320§§ed o3¢ m06(gde) egeqdaepdn Chiller 9ogad(Gs cooling tower a398 ofeepadaonaopd
condenser water =a0qS(return temperature)oopd 35°C (95°F) (968 condenser supply
temperature 20p5 29.4°C(85°F) 9920001 Grocomepgj§o0p5 Wet Bulb 320882005 cooling tower
00p5§epeso ¢ padpopediog goobaopdi

Cooling tower 0po5c0Gopgp:0Rd cooling tower ol 2ap0u500058EgE: (heat rejection
capacity)o? s2§j§jzeo0n operating conditioning qpogE 2005905030005

Cooling tower &l 32000500058EgEs(heat rejection capacity)oopb operating condition
260 a8 9oopdoopdn 6enlies00d :2§ES ccoel Wet Bulb 320§§0005 8380052005 Wet
Bulb 2¢§§c00d J[gEesdon o cooling tower 2005 8&8:cpdaon:a0pd sa0pe0d00c58Egs:
(heat rejection capacity)o? q§c86epd curodeon 8&E:nboo:a00d F20005a058Egd:(heat
rejection capacity)aoo’ $p5:00pd capacity 03020 cos§Eaopd

30393 3ac[gmeesdpogE Wet Bulb 2p§§[gEeoomalopé cooling capacity o3 20056005

00230000 3g00da00d8Egbs(rated capacity)e sagjpoy caqpspdiogiepd capacity o3 o§0S:
0p88a0p5i Rule of thumb s2q cooling tower & nominal capacity o3 chiller rated capacity &l
006903 (1.5 times) 32[g® 2005605030051

G.06 006s08[gE: (Installation of Cooling Tower)

Cooling tower el g&seaonlepd(performance)oopd erodigss(air flow) edlogé @oopd
comelopé cooling tower 03 Grooecoaged GomE:0pd esepogt con§ootaopdi O(G-p6)oge
[gooozaopd 92038 cooling tower oodeoaoiepdesep Fpoqdadeancdes?nE c02:e0:0Edd
eedaongoopdi Cooling tower &l eoooCedlob(air intake)oopd $§5C¢ 200g88:n0g0 oo
consdqepd 220r3260:03 cooling tower 0oodcpdapgpiade qua§Eaopdi Cooling tower ood9 $&
80g|05§ oofgn: cooling tower 0o692005c0pS: Ade05300) F0360:E 0opS§aoEapd

Minimum Minimum
= distance =< | distance to
between wall or
towers obstruction
4« » <>

$ G-p6 Cooling tower $69majogpizacgoeos $& cooling tower $& 4§ salograogzaco:

Cooling tower 02690 ¢o50005c80500p9 ecopgp:(warm and moist air)oopd oofgps
cooling tower &l coooedlod(air intake)s2093 weepodicoqs a0o3geepdl so§),6om efgsscs
qpogE extension duct o} cooling tower &l 330g05(discharge) GsepogE 0nGs0CoodgEdye

eoog(hot air)gp:o3 cooling tower ¢ Gosepad eepadesE [grpd8Eaopdi
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Air discharged out
- TN T
‘/Discharge air\A -
Extension

recirculated back

AN ar e

=< =<

& G-pq Extension duct 3304qjq] recirculation ¢[gde320¢ ama0500:00051
G-0q Capadity Control
gpeeonzagé chiller $& cooling tower o303 interlock [geeSoonsog0000n  Chiller

ool cooling tower $C condenser water pump o3 338 0GwaE: qaopdi Cooling tower

06eE:03 chiller ontsq) 0qesE vdaogE: o3 “Interlock” Ar&apS vpesl 2odi

Cooling tower sap0cS00c58Egbs(capacity)aopd ecod:gss(air flow) $& gods0[ge
s§on(surface area) edl o€ oop520001 a36o05 cooling tower &l qodsn[gE e§oon(surface
area)oopd capacity control $& woo05e3Eeon Grodsgss(air flow)oos capacity control $&

200583820051

Chiller 20p5 oS3a5p5:c0d[gé euriesgS(part load condition)ogé cooling tower o
0050005qepd ap(rejected heat)ownan $p5:00p51 B398 3a6[geees§rogE cooling tower saos
[4555:30[gpd (full speed) 2Bwupod full capacity [§€ cedt:qf ocdzadao

Cooling tower &1 GeodzgSs(air flow)odeagpygllys 2000500058Eg8:(heat rejection
capacity) 03 cagpqi§Eoopdn g&:3aEad:gq(energy consumption) o3coobs cagpspdieoo0di
Cooling tower &l ceo:g&s(air flow)o? 558G 3¢ cagpqi§Coopdi
(0) oooespd:  Fan s0:diod 3209000y switch on/off cpS[gEai(cooling tower fan cycling)
() 30B0osds  Fan gpzo? Variable Speed Drive(VSD) [g¢ cenCigCa

ocoespdpC 83260000 ee@apqS(condenser water temperature)od eepoSesant
cooling tower fan gp:03 cenl{gCaqosogts(switch on/off)gé control cw68Ea0051 Condenser
water 20080005  [Eoncd[gls(fan  wewnliaopbeaqSopE)  ogeolglifan  eentiesoopd
32805038) [gbox chiller operation 03 woopde[B6(unstable) [gdeoaopdn Fan gpod clopem
6808051 §0c305 cvd[glialopE 2005006:003E8 GEdB:agzn:8Ea0pd

303005p5:0000  206070E:00:50049b20p01  Fan  gpel  [gS58s(speed)od 83260003
enl:8EqS Variable Speed Drive(VSD) 03690€000dg8: [9900p51 a00500boom0pd eq@aoq$
(condenser water temperature)qg$320305 VSD oo tower fan [g&58:(speed)od 83260003 2203
;eagp (modulate) [grodeodgs [gdaopdn
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320905madespdic0bs(control  strategy)oopd  condenser  supply  temperature o3
8&8:00§3:(design value)opE aB§:condqEslgdaopdn Condenser water temperature 29.4°C (85 °F)
o3 set point 23[gd 2005005(Gs condenser water temperature 2005 set point cood J[g&dlon VSD ¢
fan [g&5S:(speed)o? [gEeodgliyC (ccudigSs(air flow) Sgpiesant [gjop&8Ea0pdn Set point cood
386c5Clon VSD © fan [g§5S:(speed)od cagpgeosfaliys ccodigs(air flow)od eagpspdiesant
[g10968E 005

Fan ol g&eaCod:da(power consumption)oopd fan [g§gSs(speed)el 09006038
(cube)s& p8gjoopdn Fan ¢l [g§5S:(speed) 03 J0% aqRydadaqiC[gSsS:(speed)od 000% ¢
00% 93 oeagpqedadaqf] fan & gd:maCod:gg(power consumption)oopd §o% of
GagRoyegr:00p01(0.8° =0.51) Part load condition o3¢ control coSspSs(strategy) $& VSD o3
adiq) fan ¢ gd:zaCagiomg(energy saving) [gdeo§Eaopdi

pow> 500RT 35000500058E@Gs(heat rejection capacity) §eooo cooling tower 0odad:apd
:208eq220§8 35°C ¢ 30°C Beepadesnt caxeo$oopdi [g855:0c00(constant speed)yé
ewnlieom fan 6 eedomel g&3:0pd 15kW [g80a0pbi cood§ewntess§ogE cooling tower
3209803 oaonaopdeqp(warm water entering to cooling tower) 20p5 32°C [gdoopdi odelopé
cooling tower @i load 2005 rated capacity &1 40% 200 (620251
(Rated condition = 35°C — 30°C =5°C) Actual condition = 32°C — 30°C = 2°C
ABelopé 2°C o3 5°C [gEonaqiE(2/5 =40%) rated capacity &1 Go%[gdaop5n)

VSD o0690EBs fan & [g85$:(speed)ad eagpgom gdimaCaegiomlgts(energy saving)
[g1c9E8E 20051 ma0905eq@20q$ (condenser leaving water temperature)o? 30°C %5[gb set point
oo fan 03 eené§Eaodi

Theoretical fan power consumption =(0.4)*x 15= 1kW

Saving in Power consumption =(15-1)= 14 kW
04,600 32680005353qPi0g¢ 6532§80RC curtiopd salgEeds(peak) cooling load o3 s3c(gdq)
cooling tower qp:od egeguS006808 congo3oopdi poesannd $& pooed off-peak cooling load
2005 g spS:eomaeoE 32§),600 cooling tower gpidom cenéigs 326051 BeagSart
cooling tower fan qpzsa:0d:03 Bodcoiea03c0pd: 83260005 sapeudoood[gEs(heat rejection)od
§§$E2051 Condenser water o300 copdood(circulate)eoBe fan gpod Sodoondglgs 8a&:
32000500058 Egd:(design heat rejection capacity) &l §% q§$Eaopdi

Cooling tower 0odad:q fan qpsa’ 8ode)(Gcod:) condenser water 6300 cvpSood
(circulate)eocgi€ a3 cooling tower 8&E:pE000:0005 22000da058EQE:(design heat rejection
capacity)eil 5% q§§Eoopdi

poed 500RT 3000500058Eg8:(heat rejection capacity) §eoon cooling tower (§)cds
006908002:000) system o€ cooling tower fan qpesscd:od qdsncos(switch off)g: condenser
water 63000 copboodeofgliyé 32000500058Eg8: 125 RT q§$Ea0pdi
5 nos: of cooling tower x 500 RT x 0.05 = 125 RT
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32509|03gE cooling tower 320305 §&3aE(energy)qpigd ©cd326600500p5: cooling
tower & gdsesonEqpS(performance)aopd chiller ¢l operating efficiency saedloaé c00deepady
qPegP§joopS 1
091
0.8
07
06
05
041
031
021
0.1
0

Capacity (%)

0 01 02 03 04 05 06 07 08 09 1
Airflow (%)

O G-po GrudigSs(air flow) $& 3000500058 EgSs(heat rejection capacity)od s00500g
Cooling tower & g&seaonepd(performance)aopd sa&:fecoci Wet Bulb 320$ adlopt
900500001 2000HsE 63220009 GeonCiepad0pE Wet Bulb 320§ 2005 design value coob 386
2001 aB38l§js0pE cooling tower 20pd 3862005 eqza0§§(lower condenser temperature)o?
c0:8E20001 (cooling tower & approach temperature 20p5 efgpE:cdfgsedeo Chiller efficiency
20p5 32090566 205$(supply condenser water temperature)ogE eonpbeomelopé poonod &
622:00p06pBqp0gE 30§8862005 condenser water qaooaloppEchiller efficiency SeomEs

022051
==

I3 N A

Colling
tower

Tower
bypass
valve

—(____—o-

Chiller Condenser
condenser water pump

¢ G-pe Condenser water circuit with bypass valve
Approach temperature 20p5 3309056q220qS (condenser water supply temperature) ¢
eoco Wet Bulb 200§§03505¢) §00pd0088: [gBaopdi VSD control strategy 3eomEsesant
[g10968E00p5500: 00b9a0pd set point 03 Geoo(fixed)ocon:dd elgpEiadeodgtgdoood 29.4°C
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(85°F)03 deoo set point 83[gd ©200500593 ecwoo Wet Bulb 320§ $C approach
temperature(5°F) o} $696AIE: 0088:03 3a09056q@0qS (condenser water supply temperature)
set point 33[gd 2005005(gEH 3¢ cooling tower ¢ chiller ¢l g&:32Ead:gq(energy consumption)od

35p0:6320E pd8Ea0pdN
—
:

|

| Colling
| tower 1
|

|

———————————

Colling
tower 2

Colling
tower 3

Condenser water
supply to chillers

“  Condenser water
return from
chillers

¢ G-Go(on) Cooling tower fan control to

optimize condenser water temperature.
0.16

Colling
tower 1

Colling
tower 2

Colling
tower 3

Condenser water
supply to chillers

- Condenser water
return from
chillers

c} G-Go(®) Cooling towers with variable
speed fans.

0.14 4

0.12 4

0.1 1

—— Constant speed
= =« Fan staging
— = V3D

60% 70% 80% 90%

% Load

¢ G-go Cooling tower efficiency for different operating strategies.

20% 30% 40% 50% 100%

4(G-Go)20pS cooling tower o3 cenE:8Ea0pd operating strategy a3:§jgo? cod(goonzoopdi

X 0&& 20p5 cooling tower & % of loading [gdoopdi Y 0§05 cooling tower & efficiency
(KW/RT) [g620p51 kW/RT 2005 fan power (KW)o3 3a00050005(gE:(heat rejection) oeoan(RT)gE
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02200089 H{gb0pSI 3200053 powdogt fan Gudomel gdiams(power)oopd 15kW (908 =29
0050005(g8:(heat rejection) oedana0p5 500 RT [g620p5m odefopE o3 cooling tower @i efficiency
20p5 15/500 = 0.03 KW/RT [§6205u

Cooling tower &l 3300ud00058Eg&s(heat rejection capacity)oopd eco:g&s(air flow)
edlogE woopdoopdn 3:0d: 0poBaopd identical cooling tower $&adie 0030Y:000 [§55S:
[gpd(full speed) [§& cenl:aq€ rated capacity 03 co:8Eo0pSI 308000020005 (98551006005
(half speed)[g€ cen&saqi€ rated capacity &1 02600503000 Gos§Ea0di

Fan o g&3aadgg(energy consumption)oopd [gS$gS:(speed)el ad006038:(cube)ss
p3qieomalopé 30800 cooling towersl gd:ealad:gqo00d (0.5° = 0.125) 12.5% of rated power
am[gdoopdi adelopE cooling tower coddio0p5i0? [g&5S:3e[gpd(full speed) [gCewrEsgscond
ddon(identical) cooling tower $609:03 [g858:000005(half speed)sé cunlsgisS gd:zat(energy)
50% (12.5% x 2 cooling tower = 50%) egjoan(save) 820051 0pBean 3apeudoncd8Egts(heat
rejection  capacity)o3copSs  q§oopdn  q§oopd  ZapeuSonc5§Egdi(heat  rejection  capacity)
0pp8600500p5: copbewiqaopd §&3aE (energy) vedaNAEd §0% 0§ eaqpsES:0Rd

ABelopé  cooling tower sreeEa0R05qPiqPid  [GEoneenddgllsE 83260000 a0
00500058 Egbs(capacity)o? qfoopdaalge fan ol [gS5S:(speed)odcopds gpign eagRgSE200I
adelopé fan g&:3aEadigessa(power consumption)o3copds qpigo cagpg§aopdi Cooling tower
26430005 qpiqp: 6enliglielops  zmiedigeg(pressure loss) copdispdiom 0320305
8386000 gdezans(pumping power)odcopd: cagpqi§Coopdi Cooling tower o3E:0pC ceBigs:
$05:(lower water flow)eoome[opE Bsanedsgeq(pressure losses across the cooling tower) $05¢gEs
[g2005

3268000535803E:030803E 00dd: 9Bewrcd dd0005 e cooling tower gp:ad 2oqS
(standby unit)sa[gd 0nSs0aoierooopdi o sagf(standby unit)qpod duty unit qps [gfge
038:086:650D 32001g|g§320305 Ga0SRdieomEs Guniesa0pS cooling tower gp: 00dg),09¢:
(break down)aopd3aslogl a0digg$sa0g0d GoodcupdieomE: 06s0Eaoglgdoopdn Duty
cooling tower gps oo Zg$(standby unit)gpzod cenigllyé oppdeom =0 vuSaood[gE:
(heat rejection) owana? q§8E[Q: fan [g855:(speed) o3 cagpq§Coopdi Fan ecbom [g85s:
(speed) 03 eagpgjeu8Eagi€ gdimatadige(energy consumption) caqpspd: coaddwdi

G-0® Condenser Water Temperature Reset

Condenser water supply temperature o3 0.6°C(1°F)ogje0E:e330E0d[gedyC chiller efficiency
1% © 2% GeomCsomn §E20p0n 3onudelopéadeasd condenser water supply temperature
86comelopE chiller & condensing pressure copd: 86cooo0pdn Condensing  pressure
86comelop¢ differential pressure across the compressor 20p5c0p0: 05:00000051 Bejopé
chiller & g&szaCad:ga(power consumption)copds spS:anaopdi 0odsb:egE  efficiency
BeomEsaonaopdi

Set Point Temperature = Ambient wet bulb Temperature + Approch Temperature

Approach temperature 00§3: 2.8°C(5°F)03 sclgds] Cooling tower gp:od  8&&:s
005[0300p01 axessmigE s0godeqEapg$(condenser water supply temperature)oopd eooco
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(ambient air)el Wet Bulb sap§§cocd 2.8°C(5°F) J[g€ecy §oopdi Part load condition opé
approach temperature 20p5 2.8°C(5°F)a005 §p5:00051

Condenser water supply temperature o3 o3$sc0n(control)oopd cooling tower gpsoge
:209056q320§S (condenser water supply temperature)aopd 8&E:3c[geaes(condition) o qpigo
§620pd30§ S (temperature)3a0d  oje08sagnioopdi oda3 off design condition 2208 ogeotsg
elopE chiller & efficiency 2005 38 comEigSaneaodoopds cooling tower @i efficiency aopd
0g$adok 65036001

:0agodeqaaedS(condenser water supply temperature) [g¢agi€ chiller &1 efficiency
p5[G: cooling tower & efficiency 3acg$eomE: §E20001 Fagodeq =p§§(condenser water
supply temperature) 86cqi€ chiller & efficiency comE:n§Eea0dcopds cooling tower el
efficiency pdqis c88wpdi Optimum point 2095 chiller efficiency $& cooling tower efficiency
$6960IC:eN sa60mEseds efficiency 03 cu:§eom esep(point) [gdoopdi

Optimum Total

4

©

«4— Chillers

Cooling towers
el

Condenser water supply temperature

Efficiency (KW/RT)

¢ G-G_J Condenser water supply temperature o3 0005 chiller $& cooling tower o3ei
efficiency e[gpE:dd03 eudlgoonsoopdi

A
Decrease in condenser water
temperature

Condenser Reduction
@
= T i _Reduction in pressure
@ T - differential due to decrease
o Expansion . .
o device in condensing pressure
o Compressor

Evaporator /

| .
-

Enthalpy

 G-Gp Condenser water temperature 86622>¢ [gjopdaonieomelopé
chiller efficiency com&:cond
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oeloppé overall optimum operating point 2005 condenser water &l 3a86ad: 20GS
(temperature) vupodeor codspdiangé Ia090deqEagdS(condenser water supply temperature)
§6cmecw chiller efficiency comscmeco [gdeadcopds system efficiency (chiller 1+ pump $¢
cooling tower $6963IEs) SeomE:a0880p5 vurddeoi

Optimum operating point 2005 chiller plant room 0269 $E0069 wop38En System designi
equipment 0od9qE:8eil efficiency $& configuration o3edlogé onpboopdi a3 optimum point o3

32000000 Qe c[gd8Eaoi
G.9@ [gfgEcB:o854gE:(Maintenance)

Cooling tower ood9el sac[gsaes(condition)oopd water spray system 1 fill packing $& fan
o3ei 3ac[gacs 6ol 0g€ ©oopda0bi ol [glgad§:086:gqp: [gIrpdes cdsaba0pS

Spray system 20p660mE:60mE: ©pba0pd38l GegPoopd fill packing col o sopdaaq)
eoqeepadad oosgps(discharge bar)ed a3 eeagp: 0305§adeepad§ognoopdi Infill 2Bwwrdd fill
packing gp: qed8:esdlon comign sapone|pgts(heat transfer) [§6$E860pd vupodaoi

Cooling tower fan gpzaopd o§om[dgéewntoopd(belt driven) fan gps [gd[o30005
oSom|o3gontsaans(belt tension)ews(gCa alignment vos[gEa slip [§dagpigt: odelopé cBeebaod
ecoB:gSs(air flow)od oq§dCeon Spray gpieomEign 32006000d(ge: 1 fill gp: qoS8:es[ge: $C fan
[4555:(speed) e54gE: 0defo3p¢ cooling tower &l g&:ee0oEeRS (performance)oyeoigés [gdoopd

Condenser water system 20p5 open system [gdeomeloypé condenser water gps
eqegd[ge: (evaporation)gdedlcopdi Belopt [gS[gpdeseq(makeup water)e83a62005n Chiller
efficiency 2005 condenser water saqEbsacogiedlogl @ooobaopbi Chemical o8ewpcd Non
chemical water treatment o3 ad{g{yC condenser water & 3aqp533609:(quality)od
0059882005 350ERE B8:000:8E 20051 degp clogegr 0o0d[gEe omWdes eqpdgdlgtie
omeeB:q$(prevent scaling) $& chiller &l condenser tube gp: egpodad[gEs(fouling)e omazudes
320305 water treatment system c3262005

G.Jo Make Up Water
Cooling tower ¢ Gqad:g:q(water loss)gdeol qoopdeaciogpCagpsen

(o) Evaporation loss
(J) Drift loss $¢
() Blown down loss 2800705 bleed off loss 03e{o3pE [gdoopdi
033agi0> adgIEdadind GoogPEIRMdYES8Eeo make up water system o3eoogpge
8&E: 5068 Eepdlgdaopd
(o) Evaporation loss: cqel heat of vaporization 2005 1045 Btu/lb at 85°F(29.4°C) [gdoopdi
Condenser water 20p5 6000056000 F204Po0pd cooling tower a3eepPoda0p538 g&a00d
088 eqqp:ad  eqoeg(vapor)salgdad  elplieooopdn oSz Condenser water
temperature 20p5 35°C © 29.4°C 3203&:{gdo0pSn 85°F(29.4°C) 320$03E 6qoadcAIE0pS
1045 Btu 32p0ednad 200068008 eqeg(water vapor)sagdad elgp:cdognion crocdal
eqegogn:0020I
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(o)

(0)

cuoopoyeagE condenser cqB:g$:(water flow rate) 1 GPM (Gallon per Minute)sacg05 1°F
range 03e08:q$ 632005012038 030551058205
Flow: 1GPM (equivalent to 500 Ib/hr)
Range: 1°F
= 1gal x 8.3 2 x 60minx1bﬂ x 1°F = 500@
min gal hr lb °F hr
Heat of vaporization = Q1 = 1045 Btu/Ib

Evaporation rate = B = 500 Btu/hr + 1045 Btu/Ib = 0.478 Ib/hr

Evaporation rate 0.478 Ib/hr o;)é 0.1% of condenser water flow rate per °F range
[§020p51 Range 10°F o3 326[gdagiE ceBigSs(condenser water flow rate)el 1% owomaf,
eq9d:g:a [§0ed 86wpdi HVAC application qpsogE cuoonugsadyé s20dgecy §oopdi
Drift loss: Drift loss oeana? cooling tower apodapdan(manufacturer)gqpse Go:eap§oodI
HVAC cooling tower qpzei drift loss 2005 0.1% ¢ 0.2% 33038: (&5

Blown down loss: water treatment program gps3 §oo¢§od05e00 cycle of concentration o3
2005605600 §a0pdi

Cycle of concentration &320p5¢> condenser water 33038:3 eqfolesaopd saepogrigp:
(dissolved solid) gpsel oedmo? [g8[godqSeq(make up water)el vedns$E oscongCs

[GBoeSn

. the amount of dissolved solids in the condenser water
Cycle of concentration =

The amount of make up water
Blown down cpdg& c83366000 0edanen
Evaporation Rate
Cycle—1
BD = Blown down flow Cycles = cycle of concentration

Blown Down =

Cycle of concentration 005 sagpead(sE (§) ¢ (00) 2203E: [g205

pown - Cooling tower oodcdel 3peud00058Egbs(heat rejection capacity)aopd 870kW [g&20051
Water treatment 320305 1200 ppm hardness 3203 co0568E20051 229c005§ condenser water ¢

efgeecs 2005 560 ppm [goo0pdn eeepdyd Gwndm0d qepdspdi Make up water oo
0p5q) 3206008058

Cooling tower heat rejection capacity = 870 kW
Latent heat of water vapor = 2420 kJ/kg

Rate of evaporation = 870/2420 = 0.36 kg/s

Rate of make up = 0.36[%] = 0.68 kg/s

Rate of bleed off = 0.68 - 0.36 = 0.32 kg/s
Mass of solid entering = mass of solid leaving

CmxWm = Cbx (Wm — We)

Cb

Wm = We [Cb_Cm]
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eooal specific heat capacity(1.02 kl/kg °K)oopS eq@l specific heat capacity 0005
spSseomelope oppBeom 300wmNad vudcecdes cocopbypigp: 83600051 Goel specific
volume gpscooe[opE air cooled condenser gpiogC erodigSs(air volume flow rate) gqpzgps
832620051 eqel specific heat capacity 20p5 6rocoad dgpieaxelopE water cooled condenser
qP:EacR0d Gadigsi(water volume flow rate) $05:5005000 cB=ab00p5

8 kW 920000naB 0050005086$320305 320§ 8[ap:502q)05(temperature difference) 10°C

32000001 00G C 06O (outdoor air tempeature)oopd 15°C o 25°C (15+10)
e 6 ¢ [g€ 0 ¢
oS Beepadesnt [gEododago: cB8gepdi

H[gCadiecodt 3058 (maximum outdoor air temperature)o? 326[gds] condenser gpzei
design load 03 00505 [030005

0006 PO © 350 kW cooling capacity $& 450 kW 3a00050005(gEs(heat rejection)ssog0b
water cooled condenser 0302 3229ggjagi€ 9.8 Liter/sec 020 cd=60005

pow - 930 kKW 32000003 oudopdd(reject)q§esaog0d condenser 0od9el Fa0qS[grig0:q0d
(temperature difference) 2005 5.2°C [§00qi€ eqBsgss(water flow rate) opdq) cBab0pdspS:

Q = m.Cp.AT

AT=5.2 Cp for water = 4.19 kJ/kgK

m =930 = (5.2 x 4.19)= 43 kg/s

Cooling tower gpzoopd cocoRd[Btenieomn Gae 30gP:ad eqegeolgllys =203
00S0005(g8s(evaporative  cooling)spddge  @&oood(reject)aopdn  Evaporative cooling  alogpé

eeediga(water loss)gbedloopdn Cooling tower ¢ leaving condenser temperature 20p5 outdoor
air Wet Bulb 920§ 0005 3°C ¢ 8°C [§&00pd 320§ [g620p5

oo™ kW o3 gSoood(reject)qs 220305 Gqedsgea(water loss)oemoopd
0.00041 kg [g&00p5n 00650528224 eq 1kg 8d:q:0qiE 2430 kI 0eom sapeudo0dd(ges(heat
rejection) [gdedl copS

pow> Condenser load 2005 400 kW [g8agi€ 0.16 kg/s §$4gC eqadsgsop

Cooling tower 3agudsaon: [Bsecol saponie[gpE8Eaopd(heat transfer) sfomgpiecor =20
00500058 EgSs(heat rejection capacity) qpecy (g5 caadgsacopds gp:c8éepdi

odelop¢ condenser water system 320385 GqOEdMGAGRSE0:000000320305 66E0RD
coiqf 832600001 6qoodfgdensoopd 30503 make up water pipe vresl(G: copdlgpd cusgopd
Q03 make up water opesl aopdi

opS0pdeqdjgboleo eqodt:ort eypolesannd erodoogygps(dissolved salts)Alo&aobi
eagp: eaegd|(evaporate)ogaopdsasl eqpofesanpd encdoogrigps(dissolved salts)eqod oz¢
20050005 o§fesed [§6o0pdn codlgodaopdeg(make up water)sEsaop dissolved salt qpscods
eepod§ronaolgé eqodogl dissolved salt qp: :2§858sag qpegpsonoopdn o303l gpsap:
anlgl:ad encdoogoiyp: Clofeselgzas(dissolved salt concentration) [g&oonoopdur elgpecy
§oopdi
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Concentration [4&oopd condenser water g3 6&050005[G: Ge220603 cod[god[geye
00S §ooeom concentration level adeepodesant [grpd8Eaopdi 0da3ewndaodgé: o3 “Bleed
Off” (p&20050p Gal 0pbi EaHRA50p5eq03 “bleed off water” vp Gal aopd

eqpolesonpd ecdoogigp: doCagpigts(high concentration)o? eqeeodgs(hardness)

[920p5 0pcopds elgpadecpfoopdi  eqeodgti(hardness)ad 03C:0pd  LPsO(Unit)oopS ppm
[§©20p51 PPM 2005 Parts Per Million &l 320368105 [gdoopSi

G.Jo [gpdeqm§ sagudsson: ogadlgés (Makeup Water Tank Size)

Cooling tower GonEses0d condenser water qpsoopd 3a§$sCaag 0ogoSdgpd: cagpsods

6082001 6305A=8m ZaclopEiadieciop condenser water cagpspSsog0gs [gBooRd
(0)  Condenser water gps eqeg(o2dgCs (evaporation loss)

() o§om godem: aeupcd eOsMeloPE eqEodyp: cooling tower =a[gEa005Y agtod
agodogdgCa(drift loss)sE
() eqqp? coodqeta “Blow Down"cpdfgEs oBewrod “Drain” codfgts [gdaopd (blow down

loss)

(o) eqegq[ge:eloélgbeomn eqed:diq (Evaporation Loss)ogo5s05:
6320050] $600505:03 3p0dg|gogn52051
Q (Tl - TZ) X Wc

We =c00" 600

We = Evaporation loss (Kg/ hour)

Q = Heat load (k Cal/ hour)
600 = Water evaporation heat(k Cal/ hour)

T, = Inlet water temperature(°C)

T, = Outlet water temperature(°C)

W, = Circulating water flow(Kg/ hour)

8326000932905 30005¢:

T, = 35.0°C (Entering condenser water temperature)

T, = 29.5°C (Leaving condenser water temperature)

L = 45.86 Liter/Sec (condenser water flow rate)= 165,096 Liter/hour

165,096 Kg/hr. (Specific Gravity of water = 1.0)

0g0d:

(35-29.5) x 165,096 Kg/hr
600

Evaporation Loss (We) =

We =1,513 Kg/ hour

(j)Carry Over a3eupob Drift Loss elo3pélgbeon cqedigsq(Water Loss) o305$05:

Carry-over [98[gE:elopC caqp: 994eq[gS:00pd 8&E:[gIapboonzanpd cooling tower 30
00500058Egbs(heat rejection capacity)s¢ ecosaaqE(velocity) 3208000503 saedlopl woopd

20p51 GuoopuEsgE carry over loss a300pod drift loss 2005 0. % ¢ 0.p% 32038: [§B8Ea00N
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0. % [§620p507 vpsoagé
Wco = 0.20% x 165,096
Wco = 330 kg/hr
(p) Blow Down cp&[gzelopé [§6eo00 Gaediqq(Water Loss) o3o5s05:
%o blow-down [gepd[géelopE eqgp: eaqpspSiogazaopdn Blow down loss 2095
05005656200 GOSN p% [§d205I
Wb = 0.3% xWc = 0.003 x165,096 Wb = 495 kg/hour

() [g$lspBqeed equenanad ogadqodfgé: (Make-up Water Requirement)

©9acAIC: make-up water circulating flow rate 20p5
Makeup Water(Mw) = We + Wco + Wb

= 1,513 + 330 + 495
= 2,041 kg/hr per cooling tower

320005000598Egd:(heat rejection capacity) 242RT §eoon cooling tower oodadso0pd
006§28ewC:03E: 6q( J0G0)BB0gB(2,041 kg) 8d::0860pdi eael 28620500000 1000kg/m’
[020p51 Befopé 2200053 cooling tower odadid  ofsalgad(full load)gE  eenliagiE
00650§0qI€ 69005 $60p080m0(2 M) 8d:geoopdi

Cooling towers od:d: §oopdsesod cooling towers $60d:0pd 0odfEsodewntias(Be
op$oodadioopd  qSencssacons(standby) [gdeseocdbundi ddelop [gSlgrdaepd equenanad
63005012203E: R0S0PSE 20N

33206000 make-up water oo

M,, = 2,041 kg/hour x 2
= 4,082 kg/hour (0005o§qi€ 4} 4,082 kg cB32600001)
(9) [5pdeqm8 vwoan edgd[gE: (Make-up Water Storage tank)

eaeapEan§(water storage tank)sagudseon:a? §Eoopdesep(space available)od c3abe)
20&enqPoopd 32gudsaon: 6ggd8Ea0pdi Beadd (q ) Jopodomaond vspdigs cdaodi
Total water requirement = 4,082 kg/hr x 18 hours

=73,476 kg ((00) $7§een:0q)€ eamaecnqs (Qp Gqb)03ad0qd a3sa6a0p5n)
eaEapCond(water storage tank)sagodsno: oo
3m(W) x 8m(L) x 3m(H) = 72 m>  [g620p5u

Make-up Water o a36apnEaB&:e00bs0onqupd eaeapntond(storage tank)el sagudsoon:
20pd cooling tower $&ad:eenCz00p0308l mHSediognd GaLEIMR? (00)soflopesmt cufess
foeed

0bspSmige 0pduosq Bewndd [gEoveq cd00q§3  eqecEmn$(storage
tank)e 6q[g¢ cooling tower $60920005 (00)$0§[03peanE JosewdlisE copduodesdaopdi
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G-JJ Cooling Tower Piping

COOLING COOLING
STATIC
PRESSURE TOWER TOWER
STATIC
I PRESSURE
SUCTION
PRESSURE 4_
ilRESERVOIR
CONDENSER CONDENSER
SUCTION
PRESSURE
PUMP l PUMP
[al ~

Q G-GG Schematic piping layout showing static and suction pressure

G-Jp coporfaf cosgls §§ sacfgqp:

Question -1 Cooling tower c0&cd:03 condenser water 50 Liter/Sec §849E 320§S 35°C o

30°C 93 eepadesnt 8&E: [glrpSoom00pbi crocpel Wet Bulb 320§$ 205 28.5°C [gdaogb
a3ea0d cooling tower 220§00m0S Genties(operating)oopdesagi$oge a0Eeqza0gs

(temperature of leaving water)oopd 32°C [gdoopdi 00393 actual leaving water temperature

20p5 8&&m0§S(design temperature)oood [§Eqoopd saclopEid gpoln [408Eelg saclopE:

(possible reason)qpzod gpdl 055393 [glgaepbod ewdlgdh
Actual operating condition gp:g>

Water flow rate = 48 Liter/Sec
Entering water temperature = 34°C
Wet-Bulb temperature of air entering the CT = 28°C

Question-2 Cooling tower oo&cd:00p5 83E: cvOoo:a0pd cgBagss(water flow rate) entering
condenser water temperature $& ambient Wet Bulb 0303¢ 6on&:e560050005: 2005005000600
32000500058 Egd:(rated heat rejection capacity)o? oqdeon Cooling tower 3303808 0Eanaop)
entering air &1 Dry Bulb $& Wet Bulb 036l 320§$20p5 ambient ¢l Dry Bulb $& Wet Bulb coo53¢)
[g8enie5000503 cogeoopdi 300udelopE cooling tower 20pS 2005905006000 ZpELdEd
§Cg&s(rated capacity)od eco:§Eoosds

Question-3 Cooling tower 20p5 3200050005888z (heat rejection capacity) 250 RT §[g: 15kW Fan
65003 [gS58:0c00(constant  speed)gé ewrEso0pdi Cooling tower @i actual operating
conditioning 2005 rated capacity &1 60% [§620p51 820005¢] VSD 006s08e] A3 cooling tower o
2005905002600 220eud00058Eg8:(rated capacity)el 0% [§& ewringi€ g&imat(energy) opdqy
eglom(save) §E¢pSsds
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Question-4 Cooling tower 330%:$60%:0000 odadseenCies000d 3§E0RE  oofgpiondadie
:q$(stand by unit)=:[gd wewr:d §esoopdn od cooling tower saGassdad:opE 15 kW Fan
66502 odeo€aonoopdi o3 cooling tower $&adsd:0nE VSD 0065083 $60d:0d:03 0od[GIEscd
50% load [gCewnCsaqi€ fan power opdq) eglom(save)SE wobsoda Cooling tower $60d: §0% [g¢
eenligl:apd cooling tower 006d:0005: 000% G000 0IP820pd F0E05E0058EGE:(heat
rejection capacity) o3qaopdi

Question-5 Cooling tower od:dsel 3ap0uS00058Egbs(heat rejection capacity)aopd 500 RT
[38[G: onfgpeonbdeoopd 250 RT [g820pbn o3 cooling tower sa0:cd:o0pd fan o3 switch off
0608050009926l 200500500600 3¢euS0058EgEs(rated capacity)el §%03 co:8Ea0p50N o3
cooling tower eooscd:el fan gpsod 8odG el =apeudopod§Eet: ppadiSs(total heat
rejection capacity) opdq Q8¢ opdspda

( 500RT x 3 no of cooling tower x 0.05 ) + ( 250RT x 1 no of CT x 0.05) = 87.5 RT

Multiple Choice Question (MCQ)

1. The type of Cooling Towers with maximum heat transfer between air to wateris ___.

(a) Natural draft (b) Mechanical draft (c)Botha &b (d) Neither a nor b
2. Natural draft Cooling Towers are mainly used in _____.

(a) Steel industry (b) Alumina industry (c) Fertilizer industry ~ (d) Power
3.

In counter flow induced draft cooling towers water and air both enter the top and exist
at the top of the Cooling Tower.

State whether True or False?

4. The range of the cooling tower is determined by the connected heat load —

True or False?

> Match the following cooling tower parameters
(a) Range (i) Close to Wet Bulb temperature
(b) Approach (ii) Related to ambient conditions
(¢) Out let water temperature (iii) Higher temperature difference
6. Better indicator for cooling tower performanceis __ .
(a) Wet Bulb temperature (b) Dry Bulb temperature (c) Range (d) Approach
7. Cooling tower effectiveness is the ratio of .
(a)Range/(range + approach) (b)Approach/(range + approach)
(c)Range/ approach (d)Approach/Range
8.

Cooling tower reduces circulation water temperature close to .

(a) Dry Bulb temperature (b) Ambient Wet Bulb Temperature (WBT)
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9.

10.

11.

12.

13.

14,

15.

16.

(c) Dew point temperature (d) None of the above

The ratio of dissolved solids in circulating water to the dissolved solids in make up water is

termed as .
(a) Liquid gas ratio (b) Cycles of concentration
(c) Cooling tower effectiveness (d) None of the above

Which one of the following has maximum effect on cooling tower performance:
(a) Fill media (b) Drift (c) Louvers (d) Casing

Which one of the following is true to estimate the range of Cooling Tower?

(a) Range = Cooling water inlet temperature — Wet Bulb temperature
(b) Range = Cooling water outlet temperature — Wet Bulb temperature
(C) Range — Water Load in kcal per hr

Water Circulation liter per hr

(d) None of the above
A cooling tower is said to be performing well when:
(a) approach is closer to zero (b) range is closer to zero

(c) approach is larger than design (d) range is larger than design

Heat release rate to the cooling tower in vapor compression refrigeration system is equal

to:
(a) 63 kcal/min/ton (b) 500 kcal/min/ton
(c) 127 kcal/min/ton (d) 220 kcal/min/ton

The operating temperature level in the plant or process connected with a cooling tower
is determined by:

(a) Dry Bulb temperature (b) Wet Bulb temperature

(c) Hot water temperature from the process (d) Cold water temperature into the process

Which one of the following fill material is more energy efficient for
cooling tower :

(a) Splash fill (b) Film-fill

(c) Low clog film fill (d) None of the above

Which one from the following types of Cooling Towers consumes less power?

(a) Cross-flow splash fill Cooling Tower (b) Counter flow splash fill cooling tower
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17.

18.

19.

20.

(c) Counter flow film fill Cooling Tower (d) None of the above
L / G ratio in cooling tower is the ratio of ___.
(a) Length and girth (b)Length and Temperature gradient
(c) Water flow rate and air mass flow rate (d)Air mass flow rate and water flow rate
Normally the guaranteed best approach a cooling tower can achieve is ___.
(@5°C (b) 12 °C
(©8°C (d) 2.8 °C
The temperature selection normally chosen for designing of cooling tower is ___.
(a) Average maximum Wet Bulb for summer months
(b) Average maximum Wet Bulb for rainy months
(c) Average maximum Wet Bulb for winter months
(d) Average minimum Wet Bulb for summer months
Select the statement which is true for a FRP fan.
(a) It needs low starting torque (b) Increases life of gear box
(c) Easy handling and maintenance (d) All the above

cegfiodqp: $¢ sae{gqp: (Short Questions and Answers)

1.
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Mechanical draft cooling tower codad:6l Geodssosq Gd(air flow arrangements) sa§e§jeod

cSGA

Mechanical draft cooling tower 00&cd:3€ [giopbaonsd§Eapd erudienlsg Ob(air flow
arrangements) 3a§§js<>

(a) Counter flow induced draft
(b) Counter flow forced draft $&
(c) Cross flow forced draft o [g&o0p5s

Cooling tower fan &l 3coo5(blade)sa(gd 3209g§C0000 ogpds(material) sadjEza0:qP0d
GsB[gol
Cooling tower fan i blade 35(g®32004g8E20p5 material sopeoonigpied

(1) Aluminum blades(metallic)
(2) Glass Reinforced Plastic(GRP) §§
(3) Fiber Reinforced Plastic(FRP)o? [g®20p5u

Evaporative cooling tower oodcd:op€ Ofqepd 326[gd=e805323C:(basic component)
qPeod eedlgoln
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4.

@

Evaporative ~ cooling tower oodadio0pE Olfeepd sac[gdeadadbeadSs(basic component)
qQPeg>

Frame and casing 1 fill 1 cold water basin 1 drift eliminators 1 air inlet 1 louvers | nozzles .§§

fans o3 [g®20du

63200503EAeo  3ag|dmC00dgP0d =aaddgg cooling tower ooHME 320EUSC005
8Eg&s(heat rejection capacity)o? 9§05:3h RT [9& cod[gdh

Estimate the cooling tower capacity(TR)with the following parameters

Water flow rate through CT = 120 m*h

SP. heat of water = 1k.Cal/kg °C
Inlet water temperature = 37°C

Outlet water temperature = 32°C
Ambient WBT = 29°C

Cooling tower capacity(TR) = (flow rate x density x sp. heat x dif f.temp)/3024
=120 x 1000 x 1 x (37-32)/3024 = 198.4TR

Cooling tower cpodcwbapgps(manufacturer)seoddgecydoopd design approach value o3
GsSiGgA

Generally a 2.8 °C approach to the design Wet Bulb is the coldest water temperature that
cooling tower manufactures will guarantee.

How a continuously monitored ambient DB and RH data can be utilised for the cooling
tower design?

From the monitored DB(°C)and RH%, Wet Bulb temperature(WBT)can be arrived using
psychometric chart and same is used for designing Cooling Tower. In the design of CT
Wet Bulb temperature selected is not exceeded over 5 percent of the time in that area.

How size of cooling tower and Wet Bulb temperature are related?

Wet Bulb temperature is a factor in cooling tower selection. The higher the Wet Bulb
temperature, the smaller the cooling tower required to give a specified approach to the
Wet Bulbat a constant range and flow rate.

FRP [9¢ [gopSaononpd scoodqps(blades) onbsoaonsongd cooling tower fan oodadsel
feature qpzo3 aedlgdl

FRP blades are normally hand mould. These blades are aerodynamic in profile to meet
specific duty conditions more efficiently. Due to light weight FRP fans need low starting
torque resulting in use of lower HP motors.

opdoopdesefgeacs (circumstances)§gogE cooling tower @il eedoma0pd  0&S[gEs(over
load) E@%&ﬂoa.§é:u
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10.

11.

12.

13.

4-48

Reasons for excessive electrical load on CT fan motors are:
(0) Voltage reduction
() Incorrect angle of axial fan blades
()  Loose belts on centrifugal fans
(G)  Over loading owing to excessive air flow-fill has minimum water loading per m3 of
tower
(§)  Low ambient air temperature

Cooling plant oo69a0p5 100 RT refrigeration qg§ 8&&dgcpdoonsoopdn o3 100 RT
refrigeration 320305 compression type chiller [§¢ eedE:qi¢ 0obs0Eqepd cooling tower 6l
:2gudz02(size)0d 03053 o3 100 RT refrigeration 220305 absorption type chiller gpggé
eentinqi€ ondeolqupd cooling tower ¢l sagudsaens(size)od 0050l

100 RT refrigeration 320305 absorption type chiller [§¢ eenl:aqi€ onbeolqupd cooling
tower &l 3aguS=aons(size)aopS compression type chiller [g€eenag€ 0obeo€qepd Cooling
Tower(size)oood $6909§ dqpzc86epdi

Air conditioning o€ o%:0000 compressor operation S cooling water & 30§S
(temperature)oo0d 6pda3ad S0k 200566pnde §e000s05:

Effect of cooling tower outlet water temperature on A/C compressors, 1 °C cooling water
temperature rise may increase A/C compressor power consumption (kW) by 2.7%.

Cooling water ol sa0qS(temperature) 1°C J[gonodag€ A/C  compressor power

consumption (kW)a05 1.q% o8, 3¢j qpzc86e5i

Cooling tower oodadsel “Range $& Approach” o3esdlgdh “Range” $& “Approach” ol
22820503 qEgol
(1) "Range” is the difference between the condenser water inlet and outlet temperature.

“Range” 8320p5¢> condenser water ¢l 220E30§$5$E 2009053208$ [gpas:g)05[9g2051

(2) “Approach” is the difference between the cooling tower outlet cold water temperature
and ambient Wet Bulb temperature. Though both parameters should be monitored, the
“Approach” is a better indicator of cooling tower performance.

“Approach” ooé cooling tower saogcﬁ(outlet) cold water temperature .§§ ambient Wet Bulb

temperature o6l 20 Soz[ePqo[gd0dN B30 E$6903:03  monitor  pSa0E0RS
“Approach” 20p5 cooling tower g&eeonEepd(performance)od  obeaoigsacyod
:260mEsedieom indicator [gdaopd

Cooling tower oodod:el g&seaonepd(performance)od  saofgooodespodenand  factor
qpzod eed[gdl
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14.

15.

16.

17.

18.

(o) Capacity and range

(y) Heatload

(p) Wet Bulb temperature
(G) Approach and water flow
(§) Filling media

Cooling tower oodadzei effectiveness 20p5 omadadcdaospda

Cooling tower effectiveness in percentage is the ratio of range, to the ideal range,
i.e., difference between cooling water inlet temperature and ambient Wet Bulb
temperature or in other words it is = Range /(Range + Approach).

Cooling tower 0odadscl evaporation loss 03 ©p5a3 og0dup2055:

Evaporation loss is the water quantity evaporated for cooling duty. An empirical
relation used often is:
Circulation Rate (CMH) x Temp Difference in C

CMH tion loss =
evaporation loss 675

Cooling tower fan qp:og€ saadigieon> FRP blade qpsci s:000gi05¢gp: (conventional blade
qPesS 88:0pdqi€) gpead cudgdl

FRP blade qp:aopd saeomsadieoon(optimum) aerodynamic profile o3 q§Ceomelopé
Jo% © 90% 303 g&szaegiomeg(energy saving) q§$aopdi ssecosd§ eddkeomelope
06608:0000 20g$03C 3a500:c0dgieam(low starting torque) c8sab0p51 delopE capacity
codeo 6650000 006508q§ 83262051

:ec:gs eddkeomelopE gearbox 1 motor $& bearing 036l 2005008: SgRSo0pSn 3§
3B s2opfaEoocSs [aBofosE cpoSopgp oS8 co8B8aagS

Cooling tower @il blowdown quantity 03 0o50pq§ 0e0055:03 cwS[gdl

Blow Down =  Evaporation Loss /(C.0.C. — 1)
C.0.C = Cycle of concentration

What will be the effect of cooling water temperature in heat rate in thermal
power plants?
Cooling water & 320§ (temperature)sa§8so[géoopd thermal power plant oodgsaos

0pd0393 30§jpo00deepad GogEo0s0:

Effect of Cooling tower outlet water temperature on thermal power plant:
1°C temperature drop in cooling water will lead to heat rate saving of 5 kcal/kwWh in thermal
power plant.

4-49



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

Cooling water 36005 condenser water &1 820§ (temperature) 1°C ogeo&seomelope
thermal power plant o3¢ rate saving of 5 kcal/kWh o3 §eo8E2051

19. Cooling tower gpsopE opboopd media sa§jpmaongé [grpdooneom fill gp:ad sagped:
220)4g[03005p5a  Fill media $& §oopdn

(o) Splash fill media $&

() Film fill media o3 [gdoopdi
Cooling tower qpsogE o3g|eoon fill gpizes0d ©pboopd media sadpzaegE [gapboonieom
fill qpsoopd 3¢ “energy efficient” [gdoospdz
PVC 2800pob polypropylene 2800p0d onfgpiean polymer 0od§jediegé [giopooniean filll
qpoopd 3q) “energy efficient” [g8[o300051

End

20.
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