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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  evapor at i ve cool er s i ncl udi ng r oof  
cur bs on whi ch t hey ar e mount ed.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

**************************************************************************
NOTE:   The cool er s cover ed i n t hi s speci f i cat i on ar e 
i nt ended f or  use i n ar eas wher e c l i mat i c condi t i ons 
gener al l y pr ovi de dr y- bul b t emper at ur es i n excess of  
29 degr ees C 85 degr ees F and concur r ent  wet - bul b 
t emper at ur es bel ow 21 degr ees C 70 degr ees F.   
Moder at e success can be expect ed wi t h wet - bul b 
t emper at ur es as hi gh as 24 degr ees C 76 degr ees F;  
however ,  f or  gener al  pr act i ce,  use of  t he cool er s 
wi t h pr evai l i ng wet - bul b t emper at ur es above 22 
degr ees C 72 degr ees F i s not  r ecommended.   Conf or m 
t o DOD 4270. 1- M f or  t he sel ect i on of  evapor at i ve 
coolers.

**************************************************************************

**************************************************************************
NOTE:   The f ol l owi ng i nf or mat i on must  be shown on 
t he pr oj ect  dr awi ngs:
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1.   Dr y- bul b t emper at ur e ent er i ng and l eavi ng t he 
evapor at or  cool er s.

2.   Wet - bul b t emper at ur e ent er i ng t he evapor at or  
cooler.

3.   Ai r  quant i t y  and st at i c pr essur e.

4.   Mot or  r pm,  vol t s,  and amper es.

5.   Ai r  out l et  vel oci t y i n m/ s or  f pm.
**************************************************************************

PART 1   GENERAL

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.  The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A653/ A653M ( 2017)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM B117 ( 2016)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM D1654 ( 2008;  R 2016;  E 2017)  St andar d Test  
Met hod f or  Eval uat i on of  Pai nt ed or  Coat ed 
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Speci mens Subj ect ed t o Cor r osi ve 
Environments

ASTM D202 ( 2008)  Sampl i ng and Test i ng Unt r eat ed 
Paper  Used f or  El ect r i cal  I nsul at i on

ASTM D374 ( 1999;  R 2004)  Thi ckness of  Sol i d 
El ect r i cal  I nsul at i on

ASTM D374M ( 2013)  St andar d Test  Met hods f or  Thi ckness 
of  Sol i d El ect r i cal  I nsul at i on ( Met r i c)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 2 ( 2000;  R 2005;  Er r at a 2008)  I ndust r i al  
Cont r ol  and Syst ems Cont r ol l er s,  
Cont act or s,  and Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2016;  SUPP 2016)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14;  TI A 17- 15;  TI A 17- 16;  TI A 17- 17 )  
Nat i onal  El ect r i cal  Code

NFPA 90A ( 2018)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
(SMACNA)

SMACNA 1966 ( 2005)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  3r d Edi t i on

TECHNI CAL ASSOCI ATI ON OF THE PULP AND PAPER I NDUSTRY ( TAPPI )

TAPPI  T403 OM ( 2015)  Bur st i ng St r engt h of  Paper

TAPPI  T404 CM ( 1992)  Tensi l e Br eaki ng St r engt h and 
El ongat i on of  Paper  and Paper boar d ( Usi ng 
Pendul um- Type Test er )

TAPPI  T410 OM ( 2013)  Gr ammage of  Paper  and Paper boar d 
( Wei ght  Per  Uni t  Ar ea)

TAPPI  T456 OM ( 2010)  Tensi l e Br eaki ng St r engt h of  
Wat er - Sat ur at ed Paper  and Paper boar d ( " Wet  
Tensi l e St r engt h" )

TAPPI  T487 PM ( 1999)  Fungus Resi st ance of  Paper  and 
Paperboard
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1. 2   GENERAL REQUI REMENTS

Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS,  wi t h t he 
f ol l owi ng addi t i ons and modi f i cat i ons.   Pr ovi de wat er  t r eat ment  and 
posi t i ve wat er  bl eed- of f  f or  t he evapor at i ve cool i ng syst em.   The col or  of  
f i ni shed coat ,  l ubr i cat i on,  and t r eat ment  f or  f ungus r esi st ance must  be t he 
manuf act ur er ' s st andar d.   Pr ovi de sol enoi d val ves i n wat er  suppl y l i nes.  
Fur ni sh st ar t i ng swi t ch separ at ed f r om cool er s,  i nt egr al  wi t h t he 
t her most at  cont r ol .   [ Pr ovi de manual  r eset  cont r ol  f or  mot or s r at ed gr eat er  
t han 3/ 4 kW one hp. ]   [ Pr ovi de ai r  f i l t er s f or  ai r  i nl et s f or  r ot ar y- t ype 
evapor at or  cool er s. ]

1. 3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew Submi t t al  Descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a " G"  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e [ f or  Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ f or  i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he 
" G"  desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
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t he Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Evapor at i ve Cool i ng Syst em

SD- 03 Pr oduct  Dat a

Evapor at i ve Cool er s

Roof  Cur bs

Vi br at i on I sol at or s

SD- 06 Test  Repor t s

Cor r osi on Pr ot ect i on Test s

Cool er  Ef f i c i ency Test s

Evapor at i ve Cool er s Test s

SD- 10 Oper at i on and Mai nt enance Dat a

Evapor at i ve Cool er s,  Dat a Package 2

Wat er  Tr eat ment  uni t ,  Dat a Package 3

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

1. 4   CORROSI ON PROTECTI ON TESTS

Compl y wi t h [ ASTM A123/ A123M]  [ ASTM A653/ A653M]  or  pr ot ect  t he equi pment  
wi t h a cor r osi on- i nhi bi t i ng coat i ng or  pai nt  syst em t hat  has pr oved capabl e 
of  sat i sf act or i l y  wi t hst andi ng cor r osi on i n accor dance wi t h ASTM B117.   
Test  125 hour s f or  equi pment  i nst al l ed i ndoor s and 500 hour s f or  equi pment  
i nst al l ed out door s or  subj ect ed t o mar i ne at mospher e.   Each speci men must  
have a st andar d scr at ch as def i ned i n ASTM D1654.

1. 4. 1   Cor r osi on Cr i t er i a

Upon compl et i on of  exposur e,  coat i ng or  pai nt  must  show no i ndi cat i on of  
det er i or at i on or  l oss of  adhesi on,  i ndi cat i on of  r ust ,  or  cor r osi on 
ext endi ng f ur t her  t han 3 mm 1/ 8 i nch on ei t her  s i de of  or i gi nal  scr at ch.

1. 4. 2   Thi ckness of  Coat i ng

Thi ckness of  coat i ng or  pai nt  syst em on t he equi pment  must  be i dent i cal  t o 
t hat  on t he t est  speci mens wi t h r espect  t o mat er i al s,  condi t i ons of  
appl i cat i on,  and dr y f i l m t hi ckness.

1. 5   LABORATORY TEST

Conduct  t he t est  wi t h ent er i ng ai r  at  35 degr ees C,  dr y- bul b,  pl us or  mi nus 
2. 78 degr ees C and a spr ead bet ween wet - bul b and dr y- bul b t emper at ur e of  
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mi nus 4 degr ees C pl us or  mi nus 3 degr ees C.   Show t he capaci t y i n l i t er  
per  second ( L/ s)  and ef f i c i ency.   Meet  t he f ol l owi ng r equi r ement s:

Evapor at i ve Cool er Mi ni mum Ef f i c i ency,  Per cent

Si ngl e St age 80

Two St age I ndi r ect  Sect i on,  60;  Di r ect  Sect i on,  90

                           T1- T2
            Ef f i c i ency =__________ x 100 per cent
                           T1- Tw

  wher e:   T1 i s t he ent er i ng dr y- bul b t emper at ur e i n degr ees C.
          T2 i s t he l eavi ng dr y- bul b t emper at ur e i n degr ees C.
          Tw i s t he ent er i ng wet - bul b t emper at ur e i n degr ees C.

Conduct  t he t est  wi t h ent er i ng ai r  at  95 degr ees F,  dr y- bul b,  pl us or  mi nus 
5 degr ees F and a spr ead bet ween wet - bul b and dr y- bul b t emper at ur e of  25 
degr ees F pl us or  mi nus 5 degr ees F.   Show t he capaci t y i n cubi c f eet  per  
mi nut e ( cf m)  and ef f i c i ency.   Meet  t he f ol l owi ng r equi r ement s:

Evapor at i ve Cool er Mi ni mum Ef f i c i ency,  Per cent

Si ngl e St age 80

Two St age I ndi r ect  Sect i on,  60;  Di r ect  Sect i on,  90

                           T1- T2
            Ef f i c i ency =__________ x 100 per cent
                           T1- Tw

  wher e:   T1 i s t he ent er i ng dr y- bul b t emper at ur e i n degr ees F.
          T2 i s t he l eavi ng dr y- bul b t emper at ur e i n degr ees F.
          Tw i s t he ent er i ng wet - bul b t emper at ur e i n degr ees F.

PART 2   PRODUCTS

2. 1   SI NGLE- STAGE EVAPORATI VE COOLERS

**************************************************************************
NOTE:   Ef f i c i ent  cool i ng equi pment  and component s 
cont r i but e t o achi evi ng sust ai nabi l i t y  r equi r ement s.

**************************************************************************

**************************************************************************
NOTE:   Si ngl e- st age evapor at i ve cool er s ar e not  
r ecommended i n ar eas wher e t emper at ur es f r equent l y  
exceed 38 degr ees C 100 degr ees F.

**************************************************************************

[ Dr i p- t ype wi t h st at i onar y wet t ed pad]  [ Rot ar y- t ype]  wi t h r evol v i ng dr um or  
di sk.   [ Washer  ( el i mi nat or )  t ype. ]   Syst em must  be 60 t o 85 per cent  
effective.
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2. 1. 1   Evapor at i ve Medi a ( Li mi t ed speci e of  wood)

Ref i ned cel l ul ose f i ber s.   [ I mpr egnat e f i ber s wi t h copper  8- qui no- l i nol at e 
or  ot her  equi val ent  f ungi c i des. ]   [ Rot ar y f i l t er s wi t h maxi mum 3 m/ s 600 FPM
 and 2 1/ 2 per cent  by- pass wat er  f l ow t hr ough t he r ot ar y assembl i es and 
mi ni mum 127 mm 5 i nch dept h of  r ot ar y sect i ons. ]   [ Washer  medi a consi st i ng 
of  sel f - c l eani ng cent r i f ugal  br ass spr ay nozzl es,  br ass f l oodi ng nozzl es,  
[ copper ]  [ or ]  [ gal vani zed st eel ]  wat er  pi pi ng,  cent r i f ugal  wat er  pump,  
st r ai ner s,  and a mi ni mum 24 gage [ gal vani zed st eel ]  [ or ]  [ al umi num]  
el i mi nat or  wi t h mi ni mum f our  sur f aces and t hr ee bends i n t he ai r f l ow 
direction.]

2. 1. 2   Wat er  Reser voi r s

Fabr i cat e t ank f r om mi ni mum 20 gage zi nc- coat ed st eel ,  br onze,  or  st ai nl ess 
st eel ,  wi t h a capaci t y of  19 l i t er s 5 gal l ons wat er  f or  each 472 L/ s of  ai r  
1, 000 cubi c f eet  of  ai r  per  mi nut e passi ng t hr ough t he cool er  sect i on.   
Coat  t he ent i r e wat er  r eser voi r  sur f aces wi t h mi ni mum 0. 254 mm 10 mi l s 
bi t umi nous coat i ng af t er  t he f abr i cat i on.

2. 1. 3   Aut omat i c Fl ush ( El ect r i c  Dump)  Val ves and Ti mer s

Pr ovi de cast  br onze val ves wi t h neopr ene- di aphr agm sol enoi d and t i mer .

2. 2   TWO- STAGE ( COMPOUND)  EVAPORATI VE COOLERS

**************************************************************************
NOTE:   An i ndi r ect - sect i on evapor at i ve cool er  i s  t he 
f i r st  st age of  cool i ng,  whi ch l ower s bot h dr y- bul b 
and wet - bul b t emper at ur es of  t he i ncomi ng suppl y 
ai r .   Thi s suppl y ai r  i s  t hen passed t hr ough a 
di r ect - sect i on evapor at i ve cool er  whi ch pr ovi des t he 
second st age of  cool i ng.   The f i r st  st age of  cool i ng 
i s at  const ant  humi di t y r at i o,  whi l e t he second 
st age i s at  const ant  wet - bul b t emper at ur e.   An 
aut omat i c r eser voi r  pur ges and dr ai ns compl et el y 
dur i ng of f  cycl es t o pr event  bi ol ogi cal  gr owt h.   
Thi s t ype i s sui t abl e f or  hot - dr y c l i mat es.

**************************************************************************

Sel f - cont ai ned,  packaged,  pr e- wi r ed,  and f act or y- f abr i cat ed evapor at i ve 
cool er s wi t h i ndi r ect  and di r ect  sect i ons f or  t wo- st age cool i ng.   Syst em 
must  be 100 t o 115 per cent  ef f ect i ve.

2. 2. 1   I ndi r ect  Sect i on

I ndi r ect  sensi bl e cool er  wi t h a compl et e secondar y evapor at i ve cool i ng 
syst em.   I ncl ude component s of  heat  exchanger ,  evapor at i ve medi a,  
r eci r cul at i ng pump wi t h suct i on st r ai ner ,  sump dr ai n,  over f l ow,  aut omat i c 
f i l l  and l evel  cont r ol ,  secondar y ai r  exhaust  f an,  and di st r i but i on head 
and i nt er nal  pi pi ng.   House al l  component s i n a common casi ng.

2. 2. 1. 1   Heat  Exchanger

**************************************************************************
NOTE:   Shel l - and- t ube desi gn gener al l y achi eves 55 
t o 60 per cent  ef f i c i ency;  and t he f l at - pl at e,  cr oss 
f l ow ai r - t o- ai r  desi gn gener al l y achi eves 65 t o 85 
per cent  ef f i c i ency.   Cool i ng t ower  coi l  desi gn may 
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be t he most  ef f i c i ent  met hod of  al l  t hr ee choi ces,  
gener al l y  used i n i ndust r i al  ar eas wher e t he out door  
wet  bul b t emper at ur e i s 7 degr ees C 45 degr ees F or  
bel ow.   Thi s t hi r d desi gn can mai nt ai n space 
condi t i ons s i mi l ar  t o t hose achi eved wi t h mechani cal  
refrigeration.

**************************************************************************

**************************************************************************
NOTE:   UV- C emi t t er s i mpr ove ai r  qual i t y  and r educe 
ener gy consumpt i on by r emovi ng and i nhi bi t i ng 
ger mi ci dal  gr owt h.   Cl eani ng mai nt enance cost s ar e 
al so r educed.

**************************************************************************

a.   Shel l - And- Tube Desi gn:   Fabr i cat e t ubes and t ube sheet s f r om 
[ gal vani zed st eel ]  [ s t ai nl ess st eel ]  [ al umi num]  [ pol yst yr ene]  [ or ]  
[ copper ] .   Tube i nt er i or s must  be bonded wi t h an epoxy coat ed 
cr yst al l i ne sur f ace or  equi val ent .   Pr ot ect  t ube sheet s wi t h a 
bi t umi nous coat i ng appl i ed af t er  f abr i cat i on.   Pr ovi de t he i nt er i or  of  
heat  exchanger  encl osur e wi t h 25 mm one i nch t hi ck neopr ene- coat ed 
f i ber gl ass or  equi val ent  i nsul at i on.

b.   Fl at  Pl at e,  Cr oss- Fl ow Ai r - To- Ai r ,  Desi gn:   Fabr i cat e t he heat  
exchanger  of  [ al umi num]  [ st ai nl ess st eel ]  [ gal vani zed st eel ]  [ or ]  
[ copper ]  wi t h a wat er  absor bent  coat i ng appl i ed t o t he secondar y or  wet  
ai r  sur f ace.

c.   Cool i ng Tower  Coi l  Desi gn:   Tr anspor t  chi l l ed wat er  f r om t he di r ect  
evapor at i ve cool er ,  and c i r cul at e t hi s chi l l ed wat er  t hr ough a cool i ng 
coi l  f abr i cat ed of  copper  t ubi ng expanded i nt o al umi num f i ns.

Ul t r avi ol et  l i ght  C band ( UV- C)  emi t t er s must  be i ncor por at ed downst r eam of  
heat  exchanger s and above dr ai n pans t o cont r ol  ai r bor ne and sur f ace 
mi cr obi al  gr owt h and t r ansf er .   Appl i ed uni t s must  be speci f i cal l y  
manuf act ur ed f or  t hi s pur pose.   Saf et y f eat ur es must  be pr ovi ded t o l i mi t  
hazar d t o oper at i ng st af f .   Uni t s  must  not  pr oduce ozone.   Power  out put  
shal l  be [ _____]  wat t s.   Power  i nt ensi t y must  be [ _____]  mi cr owat t s per  
squar e cm i nch.

2. 2. 1. 2   Evapor at i ve Medi a

Sel f - c l eani ng evapor at i ve medi a capabl e of  wi t hst andi ng a maxi mum ai r  f ace 
vel oci t y of  3. 56 m/ s 700 f pm wi t hout  moi st ur e car r yover .   Const r uct  medi a 
of  r ef i ned cel l ul ose f i ber s i mpr egnat ed wi t h i nsol ubl e ant i - r ot  sal t s and 
r i gi di f y i ng sat ur ant s.

2. 2. 1. 3   Reci r cul at i ng Pump

Submer si bl e pump wi t h epoxy- coat ed cast - i r on housi ng,  cor r osi ve r esi st ant  
base and cover ,  non- cl og i mpel l er ,  scr eened i nt ake,  and per manent l y  
l ubr i cat ed mot or  wi t h t her mal  over l oad pr ot ect i on.

2. 2. 1. 4   Secondar y Ai r  Exhaust  Fan

**************************************************************************
NOTE:   Pr opel l er  f an wheel s usual l y have t wo or  mor e 
s i ngl e t hi ckness bl ades i n a s i ngl e r i ng encl osur e.  
For war d cur ved cent r i f ugal  f an wheel s have smal l  and 
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cur ved f or war d bl ades i n t he di r ect i on of  t he 
wheel ' s  r ot at i on.   The wheel  t ype of  such 
cent r i f ugal  f ans i s of t en cal l ed " squi r r el  cage 
wheel . "   Bot h f ans r un at  a r el at i vel y l ow speed t o 
move a gi ven amount  of  ai r .   Use pr opel l er  f ans 
wi t hout  at t ached duct wor k;  use cent r i f ugal  f ans wi t h 
at t ached duct wor k.

**************************************************************************

a.   Pr opel l er  Fan:   Di r ect - dr i ve pr opel l er  f an wi t h al l  wel ded f r ame and 
st at i cal l y- dynami cal l y bal anced al umi num bl ades.   The ext er i or  and 
i nt er i or  of  t he f an must  be epoxy pr i med pr i or  t o t he appl i cat i on of  a 
baked enamel  f i ni sh.   The f an mot or  must  be t ot al l y  encl osed wi t h 
per manent l y l ubr i cat ed bal l  bear i ngs.

b.   Cent r i f ugal  Fan:   Bel t - dr i ve or  di r ect - dr i ve cent r i f ugal  f an wi t h 
f or war d cur ved bl ades.   Const r uct  scr ol l s ,  wheel s,  and i nl et  cones of  
[ st eel ]  [ or ]  [ al umi num]  wi t h cor r osi on r esi st ant  f i ni sh.   At t ach t he 
f an t o a wel ded st eel  f r ame desi gned t o suppor t  t he ent i r e f an and 
mot or  assembl y.   Sel ect  V- bel t  sheaves based on a mi ni mum of  1. 3 t i mes 
t he mot or  namepl at e power .   Pr ovi de t hese sheaves t o have cr i t i cal  
speed at  l east  20 per cent  hi gher  t han t he maxi mum oper at i ng speed.

2. 2. 1. 5   Fi l t er  Rack

Wat er  r esi st ant  per manent  f r ame wi t h 50 mm 2 i nch t hi ck di sposabl e 
f i ber gl ass or  equi val ent  medi um.

2. 2. 1. 6   Component  Casi ng

Const r uct  casi ng of  mi ni mum 14 gage gal vani zed st eel  panel s secur ed t o a 
wel ded st eel  angl e f r ame.   Ext er i or  panel s must  be r emovabl e t o per mi t  
access t o any i nt er i or  component .   Coat  wi t h epoxy on f r ame member s,  sump 
dr ai ns,  ent i r e casi ng bot t om and i nt er i or  wet  sur f aces.   Ext er i or  s t eel  
sur f aces must  be pr i med wi t h epoxy and f i ni shed wi t h baked enamel .  
Ter mi nat e al l  ext er i or  wi r i ng i n a weat her t i ght  j unct i on box l ocat ed 
out s i de of  t he casi ng.   Pr ovi de hoi st i ng l ug f or  i nst al l at i on.

2. 2. 2   Di r ect  Sect i on

**************************************************************************
NOTE:   For  t wo- st age evapor at i ve cool i ng syst ems,  
maj or  manuf act ur er s of t en use di r ect  evapor at i ve 
coolers.

**************************************************************************

Except  as modi f i ed,  di r ect  evapor at i ve cool er  [ Dr i p- t ype wi t h st at i onar y 
wet t ed pad]  [ Rot ar y- t ype]  wi t h r evol v i ng dr um or  di sk.   [ Washer  ( el i mi nat or  
type)].

2. 2. 2. 1   Evapor at i ve Medi a

Ref i ned cel l ul ose f i ber s.   [ I mpr egnat e f i ber s wi t h copper  8- qui no 
l i nol at e. ]  [ Rot ar y f i l t er s wi t h maxi mum 3 m/ s 600 f pm and 2 1/ 2 per cent  
by- pass wat er  f l ow t hr ough t he r ot ar y assembl i es and mi ni mum 127 mm 5 i nch 
dept h of  r ot ar y sect i ons. ]  [ Washer  medi a consi st i ng of  sel f - c l eani ng,  
cent r i f ugal  br ass spr ay nozzl es,  br ass f l oodi ng nozzl es,  [ copper ]  [ or ]  
[ gal vani zed st eel ]  wat er  pi pi ng,  cent r i f ugal  wat er  pump,  st r ai ner s,  and a 
mi ni mum 24 gage [ gal vani zed st eel ]  [ or ]  [ al umi num]  el i mi nat or  wi t h mi ni mum 
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f our  sur f aces and t hr ee bends i n t he ai r f l ow di r ect i on. ]

2. 2. 2. 2   Wat er  Reser voi r s

Fabr i cat e t ank f r om mi ni mum 20 gage zi nc- coat ed st eel ,  br onze,  or  st ai nl ess 
st eel ,  wi t h a capaci t y of  19 l i t er s 5 gal l ons wat er  f or  each 472 L/ s of  ai r  
1, 000 cubi c f eet  of  ai r  per  mi nut e passi ng t hr ough t he cool er  sect i on.   
Coat  t he ent i r e r eser voi r  sur f aces wi t h mi ni mum 0. 254 mm 10 mi l s bi t umi nous 
coat i ng appl i ed af t er  f abr i cat i on.

2. 2. 2. 3   Aut omat i c Fl ush ( El ect r i c  Dump)  Val ves and Ti mer s

Pr ovi de cast  br onze val ves wi t h neopr ene- di aphr agm sol enoi d and t i mer .

2. 3   FAN PLENUMS

Pr ovi de gasket s f or  pl enum cover s on al l  edges whi ch cont act  s i des of  
sheet - met al  pl enum wi t h cont i nuous 3 mm 1/ 8 i nch t hi ck but y l - r ubber  gasket  
wi t h pr essur e sensi t i ve backi ng.   I nsul at e pl enum i nt er i or ,  i ncl udi ng 
cover s wi t h duct  l i ner .   Pr ovi de f r esh- ai r  i nt ake hoods wi t h bi r d scr eens.  
I nst al l  aut omat i c damper s i n t he f r esh- ai r  i nt ake hoods.

2. 4   BI RD SCREENS,  FRESH- AI R I NTAKE HOODS,  AND DUCTWORK

Sect i on 23 00 00 AI R SUPPLY,  DI STRI BUTI ON,  VENTI LATI ON,  AND EXHAUST SYSTEMS.

2. 5   THERMOSTATS,  AUTOMATI C DAMPERS,  AND DAMPER ACTUATORS

Sect i on 23 09 53. 00 20 SPACE TEMPERATURE CONTROL SYSTEMS.

2. 6   ROOF CURBS

Pr ovi de f act or y- f abr i cat ed sheet - st eel  st r uct ur al  member s.   The cur bs must  
have hi gh l oad- bear i ng capaci t i es at t ai ned by a syst em of  i nt er nal  
bul kheads,  wel ded i nt o posi t i on at  l ogi cal  i nt er val s al ong t he l engt h of  
r ai l s .   Pr ovi de mi ni mum 100 mm 4 i nch cant s,  50 by 150 mm 2 by 6 i nch 
f act or y- i nst al l ed wood nai l er s,  and f ul l y  mi t er ed end sect i ons.   Use wel ded 
18 gage gal vani zed st eel  shel l ,  base pl at e,  and count er f l ashi ng.

2. 7   VI BRATI ON I SOLATORS

[ Fact or y- f abr i cat ed,  hi gh st at i c and doubl e def l ect i on t ype.   Mol d met al  
par t s i n oi l - r es i st ant  neopr ene,  wi t h col or  codes by t ype and si ze f or  
i dent i f i cat i on of  capaci t y.   Pr ovi de bot t om st eel  pl at es wi t h bol t  hol es 
f or  bol t i ng t o equi pment  bases t o pr event  movement  of  equi pment . ]  [ Sect i on 
22 05 48. 00 20 MECHANI CAL SOUND VI BRATI ON AND SEI SMI C CONTROL. ]

2. 8   PLUMBING

Sect i on 22 00 00 PLUMBI NG,  GENERAL PURPOSE.

2. 9   MOTORS AND MOTOR STARTERS

**************************************************************************
NOTE:   The mot or  cont r ol  r equi r ement s shoul d be 
coor di nat ed wi t h t he El ect r i cal  Sect i on and wi l l  
depend on f i el d condi t i ons.   The f ol l owi ng t ypes of  
mot or  st ar t er s shoul d be used as a gui de onl y.   When 
el ect r i cal  equi pment  i s  connect ed t o heavi l y l oaded,  
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power  c i r cui t s t he st ar t i ng cur r ent  may cause 
excessi ve vol t age dr op.

Mot or  kW Voltage Type St ar t er

Up t o 1/ 4 120 Manual  or  aut omat i c

1/ 4 t o 5 1/ 2 208-230 Acr oss- t he- l i ne magnet i c

5 1/ 2 t o 11 208-230 Acr oss- t he- l i ne magnet i c,  par t  
wi ndi ng or  wye- del t a

11 t o 22 460 Acr oss- t he- l i ne magnet i c,  par t  
wi ndi ng or  wye- del t a

Above 11 208-230 Par t  wi ndi ng or  wye- del t a

Above 22 460 Par t  wi ndi ng or  wye- del t a

Mot or  hp Voltage Type St ar t er

Up t o 1/ 4 120 Manual  or  aut omat i c

1/ 3 t o 7 1/ 2 208-230 Acr oss- t he- l i ne magnet i c

7 1/ 2 t o 15 208-230 Acr oss- t he- l i ne magnet i c,  par t  
wi ndi ng or  wye- del t a

15 t o 30 460 Acr oss- t he- l i ne magnet i c,  par t  
wi ndi ng or  wye- del t a

Above 15 208-230 Par t  wi ndi ng or  wye- del t a

Above 30 460 Par t  wi ndi ng or  wye- del t a

**************************************************************************

 NEMA MG 1 and NEMA I CS 2 and NEMA I CS 6 wi t h el ect r i cal  char act er i st i cs as 
i ndi cat ed.   Mot or s l ess t han 3/ 4 kW 1 hp must  meet  NEMA Hi gh Ef f i c i ency 
r equi r ement s.   Mot or s 3/ 4 kW 1 hp and l ar ger  must  meet  NEMA Pr emi um 
Ef f i c i ency r equi r ement s.   Mot or  must  be [ var i abl e speed]  [ open]  [ dr i ppr oof ]  
[ t ot al l y- encl osed,  [ non- vent i l at ed]  [ or ]  [ f an- cool ed]  ]  [ expl osi on- pr oof ] .   
Mot or  st ar t er s must  be [ [ manual ]  [ magnet i c- acr oss- t he- l i ne]  
[ r educed- vol t age]  [ par t - wi ndi ng]  [ wye- del t a]  t ype wi t h [ gener al - pur pose]  
[ weat her  r esi st ant ]  [ wat er t i ght ]  [ expl osi on- pr oof ]  encl osur e]  
[ manuf act ur er ' s st andar d] .

2. 10   WATER TREATMENT UNI T FOR THE EVAPORATI VE COOLI NG SYSTEM

Pr ovi de compl et e and r eady f or  oper at i on,  f act or y packaged wat er  t r eat ment  
uni t  f or  [ chemi cal ] [ ozone]  t r eat ment  of  wat er ,  as r ecommended by t he 

SECTI ON 23 76 00. 00 20  Page 13



manuf act ur er  of  evapor at i ve cool er s.

2. 11   REFI NED CELLULOSE FI BERS'  REQUI REMENTS FOR EVAPORATI VE MEDI A

Test Requirements Test  Met hod

Basi s wei ght  24 by 36,  500 
sheets

21. 34 kg pl us or  mi nus 0. 5 kg TAPPI  T410 OM

Mullen 42 mi nut es TAPPI  T403 OM

Caliper 0. 14 t o 0. 15 mm ASTM D374M,  Met hod A

Tensi l e,  dr y 18 mi nut es TAPPI  T404 CM

 Tensi l e,  wet 25 per cent  of  dr y af t er  1 
mi nut e age at  110 degr ees C

TAPPI  T456 OM

Absorption 19 mm t o 28 mm ASTM D202

Fungus r esi st ance Sat i sf act or y at  2 weeks 
incubation

TAPPI  T487 PM

Test Requirements Test  Met hod

Basi s wei ght  24 by 36,  500 
sheets

47 l b.  pl us or  mi nus 1 l b. TAPPI  T410 OM

Mullen 42 mi nut es TAPPI  T403 OM

Caliper 0. 0054 t o 0. 0058- i nch ASTM D374,  Met hod A

Tensi l e,  dr y 18 mi nut es TAPPI  T404 CM

 Tensi l e,  wet 25 per cent  of  dr y af t er  1 
mi nut e age at  230 degr ees F

TAPPI  T456 OM

Absorption 12/ 16 i nch t o 18/ 16 i nch ASTM D202

Fungus r esi st ance Sat i sf act or y at  2 weeks 
incubation

TAPPI  T487 PM

[ 2. 12   METERS AND CONTROLS

**************************************************************************
NOTE:   Evapor at i ve cool er s wi t h makeup wat er  f l ow 
gr eat er  t han 0. 6 GPM must  be equi pped wi t h makeup 
and bl owdown met er s,  conduct i v i t y  cont r ol l er s,  and 
over f l ow al ar ms.

**************************************************************************

Evapor at i ve cool er  must  be pr ovi ded wi t h makeup and bl owdown met er s,  
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conduct i v i t y cont r ol l er ,  and over f l ow al ar m.

] PART 3   EXECUTI ON

3. 1   INSTALLATION

I nst al l at i on of  evapor at i ve cool er s must  conf or m wi t h NFPA 90A, SMACNA 1966, 
r ecommendat i ons and pr i nt ed i nst r uct i ons of  t he manuf act ur er ,  and det ai l s  
and not es i ndi cat ed.   Pr ovi de mount i ng and suppor t i ng of  t her most at s,  
duct s,  pi pi ng,  r oof  cur bs,  equi pment ,  accessor i es,  and appur t enances,  
i ncl udi ng but  not  l i mi t ed t o st r uct ur al  suppor t s,  hanger s,  v i br at i on 
i sol at or s,  st ands,  c l amp and br acket s,  and access door s.   El ect r i c  
i sol at i on must  be pr ovi ded bet ween di ssi mi l ar  met al s f or  t he pur pose of  
mi ni mi zi ng gal vani c cor r osi on.   El ect r i cal  wor k must  conf or m wi t h NFPA 70 
and Di v i s i on 16,  El ect r i cal .   Equi p el ect r i c  mot or - dr i ven equi pment  wi t h 
mot or  st ar t er s,  f used- di sconnect  swi t ches,  and cont r ol s.   Pr ovi de manual  or  
aut omat i c cont r ol ,  pr ot ect i ve devi ces,  and cont r ol  wi r i ng f or  oper at i ons as 
indicated.

3. 2   FI ELD TESTI NG AND BALANCI NG

Ver i f y equi pment  i s  pr oper l y i nst al l ed,  connect ed,  and adj ust ed.   Adj ust  
evapor at i ve cool er s t o pr oduce ai r  quant i t i es at  t he condi t i ons i ndi cat ed.   
Use Pi t ot  or  el ect r oni c i nst r ument  t o measur e ai r  quant i t i es.  Set  cont r ol  
devi ces t o cont r ol  at  t he poi nt s i ndi cat ed.   Lubr i cat e bear i ngs and check 
t he speed and di r ect i on of  r ot at i on of  each f an.   Check t he r unni ng cur r ent  
of  each mot or .   Fur ni sh wat er  anal ysi s and suf f i c i ent  chemi cal s t o 
i ni t i al l y  pl ace t he evapor at i ve syst em i n ser vi ce.   [ Pr ovi de same chemi cal s 
used at  st at i on' s cool i ng t ower s. ]

3. 2. 1   Evapor at i ve Cool er s Test s

Per f or m mi ni mum 4- hour  cool er  ef f i c i ency t est s of  each cool er .   Recor d t est  
dat a i n t yped t abul at i on f or m,  no l ess t han 2 days bef or e t he f i nal  t est s 
of  ent i r e syst ems i ndi cat i ng t he f ol l owi ng:

a.   Ti me,  dat e,  and dur at i on of  t est

b.   Dr y- bul b t emper at ur e ent er i ng and l eavi ng t he evapor i zer  cool er s

c.   Wet - bul b t emper at ur e ent er i ng t he evapor i zer  cool er

d.   Ai r  quant i t y  and st at i c pr essur e

e.   Mot or  r pm -  vol t met er  and ammet er  r eadi ngs

f .   Ai r  out l et  vel oci t y m/ s f pm

g.   Evapor at i ve cool er - make,  model  and si ze

3. 2. 2   Cont r ol  Sequences

[ As i ndi cat ed]  [ Sect i on 23 09 53. 00 20 SPACE TEMPERATURE CONTROL SYSTEMS] .

3. 3   SCHEDULE

Some met r i c measur ement s i n t hi s sect i on ar e based on mat hemat i cal  
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conver si on of  i nch- pound measur ement s,  and not  on met r i c measur ement s 
commonl y agr eed on by t he manuf act ur er s or  ot her  par t i es.   The i nch- pound 
and met r i c measur ement s shown ar e as f ol l ows:

Products Inch-Pound Metric

a.   [ _____] [_____] [_____]

        - -  End of  Sect i on - -
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