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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  packaged sel f - cont ai ned her met i c 
compr essor  uni t s .   Rewr i t e i f  uni t  i s  not  
sel f - cont ai ned per  def i ni t i on.

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) .

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

PART 1   GENERAL

**************************************************************************
NOTE:   I ncl ude i n dr awi ngs or  schedul e capaci t y,  
capaci t y condi t i ons,  pr essur e dr ops,  cont r ol  
di agr ams,  and r ef r i ger ant  used.

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

**************************************************************************
NOTE:   I f  Sect i on 23 00 00 AI R SUPPLY,  DI STRI BUTI ON,  
VENTI LATI ON,  AND EXHAUST SYSTEMS i s not  i ncl uded i n 
t he pr oj ect  speci f i cat i on,  appl i cabl e r equi r ement s 
t her ef r om shoul d be i nser t ed and t he f ol l owi ng 
par agr aph del et ed.   I f  Sect i on 23 05 48. 00 40 
VI BRATI ON AND SEI SMI C CONTROLS FOR HVAC PI PI NG AND 
EQUI PMENT i s not  i ncl uded i n t he pr oj ect  
speci f i cat i on,  appl i cabl e r equi r ement s t her ef r om 
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shoul d be i nser t ed and t he second par agr aph 
del et ed.   I f  Sect i on 26 60 13. 00 40 LOW- VOLTAGE 
MOTORS i s not  i ncl uded i n t he pr oj ect  speci f i cat i on,  
appl i cabl e r equi r ement s t her ef r om shoul d be i nser t ed 
and t he t hi r d par agr aph del et ed.

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

[ Sect i on 23 00 00 AI R SUPPLY,  DI STRI BUTI ON,  VENTI LATI ON,  AND EXHAUST SYSTEMS 
appl i es t o wor k speci f i ed i n t hi s  sect i on.

][ Sect i on 23 05 48. 00 40 VI BRATI ON AND SEI SMI C CONTROLS FOR HVAC PI PI NG AND 
EQUI PMENT appl i es t o wor k speci f i ed i n t hi s sect i on.

][ Sect i on 26 60 13. 00 40 LOW- VOLTAGE MOTORS appl i es t o t hi s sect i on.

] 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.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  480 ( 2007)  Ref r i ger ant - Cool ed Li qui d Cool er s,  
Remot e Type

AHRI  550/ 590 I - P ( 2015;  ERTA 2016)  Per f or mance Rat i ng Of  
Wat er - Chi l l i ng and Heat  Pump Wat er - Heat i ng 
Packages Usi ng t he Vapor  Compr essi on Cycl e

ANSI / AHRI  520 ( 2004)  Per f or mance Rat i ng of  Posi t i ve 
Di spl acement  Condensi ng Uni t s

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE EQUI P SI  HDBK ( 2012)  Handbook,  HVAC Syst ems and 
Equi pment  ( SI  Edi t i on)
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ASME I NTERNATI ONAL ( ASME)

ASME BPVC SEC VI I I  D1 ( 2017)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 21940- 11 ( 2016)  Mechani cal  v i br at i on - -  Rot or  
bal anci ng - -  Par t  11:  Pr ocedur es and 
Tol er ances f or  Rot or s wi t h Ri gi d Behavi or

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2018)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

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

1. 2   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.

 An " 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 
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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  
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 t o 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

Connect i on Di agr ams;  G[ ,  [ ____] ]

Cont r ol  Di agr ams;  G[ ,  [ ____] ]

I nst al l at i on Dr awi ngs;  G[ ,  [ ____] ]

SD- 03 Pr oduct  Dat a

Cent r i f ugal  Wat er  Chi l l er ;  G[ ,  [ ____] ]

Compr essor ;  G[ ,  [ ____] ]

Condenser ;  G[ ,  [ ____] ]

Cont r ol  and Cont r ol  Panel s;  G[ ,  [ ____] ]

Cool er ;  G[ ,  [ ____] ]

Equi pment  Foundat i on Dat a;  G[ ,  [ ____] ]

I nsul at i on;  G[ ,  [ ____] ]

Mot or s;  G[ ,  [ ____] ]

Pur ge Syst em;  G[ ,  [ ____] ]

Spar e Par t s;  G[ ,  [ ____] ]

Speci al  Tool s;  G[ ,  [ ____] ]

Vi br at i on I sol at i on;  G[ ,  [ ____] ]

SD- 04 Sampl es

Manuf act ur er ' s St andar d Col or  Char t ;  G[ ,  [ ____] ]

SD- 05 Desi gn Dat a

Desi gn Anal ysi s and Cal cul at i ons;  G[ ,  [ ____] ]

SD- 06 Test  Repor t s

Test  Repor t s;  G[ ,  [ ____] ]

SD- 07 Cer t i f i cat es
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Li st i ng of  Pr oduct  I nst al l at i on

Ref er enced St andar ds Cer t i f i cat es

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

Oper at i on and Mai nt enance Manual s

SD- 11 Cl oseout  Submi t t al s

Recor d Dr awi ngs;  G[ ,  [ ____] ]

1. 3   QUALI TY CONTROL

Submi t  l i s t i ng of  pr oduct  i nst al l at i on f or  cent r i f ugal  chi l l er  uni t s 
showi ng at  l east  f i ve i nst al l ed uni t s,  s i mi l ar  t o t hose pr oposed f or  use,  
t hat  have been i n successf ul  ser v i ce f or  a mi ni mum per i od of  5 year s.   
I ncl ude pur chaser  name,  addr ess of  i nst al l at i on,  ser vi ce or gani zat i on,  and 
dat e of  i nst al l at i on.

1. 3. 1   Equi pment  and Per f or mance Dat a

Submi t  equi pment  and per f or mance dat a f or  cent r i f ugal  wat er  chi l l er  syst em 
f or  t he f ol l owi ng:

a.   Cent r i f ugal  Wat er  Chi l l er

b.   Compr essor

c.   Condenser

d.   Cool er

e.   Pur ge Syst em

f .   Mot or s

g.   Cont r ol  and Cont r ol  Panel s

h.   I nsul at i on

i .   Vi br at i on I sol at i on

j .   Speci al  Tool s

k.   Spar e Par t s

1. 3. 2   Ref er enced St andar ds Cer t i f i cat es

Submi t  cer t i f i cat es f or  f ol l owi ng i t ems,  showi ng conf or mance wi t h 
r ef er enced st andar ds i n t hi s sect i on:

a.   Cent r i f ugal  Wat er  Chi l l er

b.   Compr essor

c.   Condenser
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d.   Cool er

e.   Pur ge Syst em

f .   Mot or s

g.   Cont r ol  and Cont r ol  Panel s

h.   I nsul at i on

i .   Vi br at i on I sol at i on

j .   Speci al  Tool s

k.   Spar e Par t s

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Dr awi ngs and Di agr ams

Submi t  shop dr awi ngs of  connect i on di agr ams i ndi cat i ng t he physi cal  l ayout  
of  al l  cont r ol s,  i nt er nal  t ubi ng and wi r i ng det ai l s ,  and t he r el at i onshi ps 
and connect i ons of  t he f ol l owi ng i t ems:

a.   Cent r i f ugal  Wat er  Chi l l er

b.   Compr essor

c.   Condenser

d.   Cool er

e.   Pur ge Syst em

f .   Mot or s

g.   Cont r ol  and Cont r ol  Panel s

Submi t  cont r ol  di agr ams f or  cent r i f ugal  chi l l er  uni t s showi ng t he physi cal  
and f unct i onal  r el at i onshi p of  equi pment .   Show on el ect r i cal  di agr ams t he 
s i ze,  t ype,  and capaci t y of  t he syst em.

2. 1. 2   Desi gn Requi r ement s

2. 1. 2. 1   Calculations

Submi t  desi gn anal ysi s and cal cul at i ons f or  cent r i f ugal  chi l l er s,  
i ndi cat i ng t he manuf act ur er ' s r ecommended power  r at i ngs,  r ot at i onal  speeds,  
and pi st on speeds.

Submi t  equi pment  f oundat i on dat a,  i ncl udi ng equi pment  wei ght  and oper at i ng 
l oads,  l ocat i on and pr oj ect i on of  anchor  bol t s,  and hor i zont al  and ver t i cal  
c l ear ances f or  i nst al l at i on,  oper at i on,  and mai nt enance.   Al so i ncl ude 
di mensi ons of  f oundat i ons and r el at i ve el evat i ons,  and i nst al l at i on 
r equi r ement s such as noi se abat ement ,  v i br at i on i sol at i on,  physi cal  
f eat ur es,  di mensi ons,  r at i ngs,  equi pment  wei ght s,  and ut i l i t y  ser vi ces.   
I ncl ude f oundat i on dat a f or  t he f ol l owi ng:
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a.   Cent r i f ugal  Wat er  Chi l l er

b.   Compr essor

c.   Condenser

d.   Cool er

e.   Pur ge Syst em

f .   Mot or s

[ 2. 1. 2. 2   Vi br at i on I sol at i on

Pr ovi de v i br at i on i sol at i on conf or mi ng t o r equi r ement s speci f i ed i n Sect i on 
23 05 48. 00 40 VI BRATI ON AND SEI SMI C CONTROLS FOR HVAC PI PI NG AND EQUI PMENT.

] 2. 2   COMPONENTS

**************************************************************************
NOTE:   Ensur e Pump and Mot or  bal ance conf or ms t o I SO 
21940- 11 unl ess ot her wi se not ed.   Ensur e Mot or  
v i br at i on l evel s conf or m t o NEMA Speci f i cat i on MG- 1,  
unl ess ot her wi se not ed.

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

**************************************************************************
NOTE:   Speci f y al l  r ot at i ng machi ner y i s capabl e of  
havi ng shaf t  al i gnment  and machi ne bal ance f ol l owi ng 
i nst al l at i on.   Thi s r equi r ement  i ncl udes 
" ski d- mount ed"  and " sel f - cont ai ned"  uni t s.

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

**************************************************************************
NOTE:   Bal ance i s t he pr ocess of  i mpr ovi ng t he mass 
di st r i but i on of  t he pump component s i n or der  t o 
mi ni mi ze damagi ng cent r i f ugal  f or ces.   No component  
can be per f ect l y  bal anced.   Ther e wi l l  al ways be 
some r emai ni ng unbal ance.   The mi ni mum r ecommended 
bal ance gr ade i s  I SO gr ade 2. 5.   Sel ect  an I SO gr ade 
or  i nser t  a st andar d.

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

2. 2. 1   Cent r i f ugal  Wat er  Chi l l er  Package

Submi t  cent r i f ugal  chi l l er  syst em i nf or mat i on,  i nc l udi ng manuf act ur er ' s 
st y l e or  cat al og number s,  speci f i cat i on and dr awi ng r ef er ence number s,  
war r ant y i nf or mat i on,  and f abr i cat i on s i t e i nf or mat i on.

Submi t  equi pment  and per f or mance dat a f or  cent r i f ugal  wat er  chi l l er s,  
i ndi cat i ng t he guar ant eed maxi mum br ake power  at  75,  50,  25,  and 10 per cent  
of  f ul l  compr essor  capaci t y at  desi gn condenser  wat er  t emper at ur e.   Devel op 
t hi s i nf or mat i on f r om dat a speci f i ed her ei n.

Submi t  t he manuf act ur er ' s st andar d col or  char t  i ndi cat i ng t he st andar d 
col or  sel ect i ons and f i ni shes f or  chi l l er  uni t s.

Ensur e t hat  t he cent r i f ugal  wat er  chi l l er  assembl y i s packaged and 
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sel f - cont ai ned,  and t hat  i t  i ncl udes a compr essor - condenser ,  cool er  
( r ef r i ger ant  evapor at or )  accessor i es,  a cont r ol  panel ,  and i nt er component  
pi pi ng and wi r i ng r eady f or  f i el d- t er mi nal  connect i ons.

Pr ovi de a uni t  and spar e par t s conf or mi ng t o t he appl i cabl e r equi r ement s of  
AHRI  550/ 590 I - P, AHRI  480,  and speci f i ed r equi r ement s.   Ensur e t hat  t he 
uni t ' s  Ener gy Ef f i c i ency Rat i ng ( EER)  meet s or  exceeds t he f ul l - l oad 
ef f i c i ency and t he i nt egr at ed par t - l oad val ue ( I PLV)  ef f i c i ency r at i ngs as 
descr i bed i n AHRI  550/ 590 I - P.

2. 2. 2   Compressor

**************************************************************************
NOTE:   At  hi gher  t han 3, 600 r pm speeds,  r eeval uat e 
0. 025 mi l l i met er  0. 001 i nch v i br at i on l i mi t .   Do not  
use compr essor  t hat  wi l l  oper at e at  20, 000 or  hi gher  
rpm.

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

Pr ovi de a [ s i ngl e]  [ mul t i s t age] ,  [ di r ect ]  [ gear - dr i ven]  cent r i f ugal  
compr essor ,  wi t h her met i cal l y  seal ed compr essor - mot or  assembl y.   Pr ovi de 
t he uni t  wi t h [ r ef r i ger ant ]  [ wat er - cool ed]  mot or  wi ndi ngs.   Ensur e t hat  t he 
r ot or  assembl y i s st at i cal l y  and dynami cal l y bal anced t o I SO 21940- 11, 
[ G6. 3]  [ G2. 5]  [ G1. 0]  [ _____] ,  wi t h r epl aceabl e s l eeve- i nser t  shaf t  mai n 
bearings.

Pr ovi de a f or ced- f eed compr essor  l ubr i cat i on syst em wi t h oi l  sump,  
her met i cal l y  seal ed mot or - dr i ven posi t i ve di spl acement  pump,  and oi l  
f i l t er ,  st r ai ner ,  wi t h oi l  t emper at ur e t her most at i cal l y  cont r ol l ed.   
Pr ovi de a mechani cal l y oper at ed oi l  suppl y t o t he bear i ngs dur i ng 
spi n- down.   I ncl ude an i nt er l ocked di f f er ent i al  oi l - pr essur e cut out  wi t h 
st ar t i ng equi pment ,  whi ch al l ows t he compr essor  t o oper at e onl y when t he 
r equi r ed oi l  pr essur e i s avai l abl e at  t he bear i ngs.

Pr ovi de a compr essor  wi t h t emper at ur e- act uat ed capaci t y r educt i on.   Sel ect  
a mul t i pl e r adi al  bl ade or  but t er f l y- damper  var i abl e- f r equency- dr i ve ( VFD)  
compr essor  mot or  cont r ol  t o pr ovi de aut omat i c capaci t y r egul at i on f r om 100 
per cent  t o 10 per cent  of  capaci t y .   Wher e i t  i s  necessar y i n or der  t o 
mai nt ai n st abl e oper at i on,  pr ovi de an aut omat i c hot - gas bypass wi t h t he 
cont r ol  syst em,  i ncl udi ng aut omat i c st oppi ng when l oad f al l s  bel ow 10 
per cent  capaci t y ,  and aut omat i c unl oaded r est ar t i ng on l oad demand.   Ensur e 
t hat  t he capaci t y modul at i on i s cont r ol l ed by t he t emper at ur e of  t he wat er  
l eavi ng t he cool er ,  and t hat  t he uni t  cont r ol l er  mai nt ai ns t he wat er  at  i t s  
l eavi ng t emper at ur e pl us or  mi nus 0. 25 degr ees C 0. 5 degr ee F of  t he set  
point.

2. 2. 3   Condenser

Pr ovi de a c l eanabl e shel l - and- t ube condenser  compl yi ng  wi t h 
ASHRAE EQUI P SI  HDBK,  Chapt er  13,  and ASME BPVC SEC VI I I  D1 f or  t he qual i t y  
of  mat er i al s used,  t he met hods of  const r uct i on,  t he desi gn of  component s,  
and t he t est i ng of  mat er i al s,  assembl i es,  connect i ons,  and appur t enances.   
Ensur e t hat  t he mi ni mum wat er - s i de wor ki ng pr essur e i s 1050 ki l opascal  150 
psi g.   Mi ni mum r ef r i ger ant - s i de wor ki ng pr essur e i s t he sat ur at i on pr essur e 
of  r ef r i ger ant  used at  29 degr ees C 85 degr ees F.   Pneumat i cal l y  t est  
spaces not  subj ect  t o ASME code due t o s i ze or  ot her  l i mi t at i ons at  1- 1/ 2 
t i mes wor ki ng pr essur e or  310 ki l opascal  45 psi g,  whi chever  i s  gr eat er .

Pr ovi de seaml ess copper  t ubi ng wi t h i nt egr al  f i ns,  i ndi v i dual l y r emovabl e 
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f r om ei t her  end of  shel l ,  r ol l ed or  br azed i nt o t ube sheet .   Pr ovi de 
i nt er medi at e t ube suppor t s so t hat  di st ance bet ween suppor t s does not  
exceed appr oxi mat el y 900 mi l l i met er  3 f eet .   Fi t  suppor t s t o t he t ubes i n a 
manner  t hat  pr ecl udes cor r osi on,  v i br at i on,  and abr asi on.

Fi t  and ar r ange wat er  boxes or  r emovabl e el bows t o per mi t  c l eani ng of  t ubes 
wi t hout  di st ur bi ng pi pi ng beyond el bows,  wi t h f l anged-  or  gr ooved- coupl i ng 
el bows,  and hi nged- mount ed end bel l s.

Desi gn t he uni t  t o per mi t  pump- down and i sol at i on of  t he ent i r e r ef r i ger ant  
char ge wi t hi n 80 per cent  of  avai l abl e condenser  vol ume.   I f  t he uni t  
condenser  does not  have suf f i c i ent  pump- down capaci t y,  pr ovi de a separ at e 
pump- out  t ank.

**************************************************************************
NOTE:   Many pr esent - day nonchr omat e wat er  t r eat ment  
chemi cal s degr ade at  t emper at ur es as l ow as 38 t o 57 
degr ees C 100 t o 135 degr ees F and t end t o sever el y 
f oul  heat - t r ansf er  sur f aces.   The di f f er ence bet ween 
a f oul i ng f act or  of  0. 0005 and 0. 001 coul d 
appr oxi mat e 7 per cent  of  machi ne capaci t y.   Cost  of  
uni t  wi t h 0. 001 f oul i ng f act or  wi l l  be hi gher  and 
may be r est r i c t i ve.

Li mi t i ng wat er  vel oci t y t o 2 met er  per  second 7 f eet  
per  second ( f ps)  coul d f or ce sel ect i on of  next  
l ar ger  s i ze machi ne.

Tube pr ot ect or s ar e usual l y r equi r ed at  vel oci t i es 
i n excess of  2 met er  per  second 7 f ps.

Sel ect  one of  t he f ol l owi ng t wo par agr aphs.  
Nor mal l y,  sel ect  t he f i r st  par agr aph.

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

Base t he condenser  per f or mance on a maxi mum wat er  vel oci t y of  3 met er  per  
second 10 f eet  per  second ( f ps)  and a f oul i ng f act or  of  0. 001.   Ensur e t hat  
desi gn and const r uct i on pr ovi s i ons pr ecl ude t ube f ai l ur e due t o er osi on.

Base t he condenser  per f or mance on a maxi mum wat er  vel oci t y of  2 met er  per  
second 7 f ps and a f oul i ng f act or  of  0. 001.

2. 2. 4   Cool er  ( Ref r i ger ant  Evapor at or )

Pr ovi de a cool er  conf or mi ng t o t he r equi r ement s speci f i ed i n t he par agr aph 
CONDENSER and t he f ol l owi ng:

Base t he cool er  capaci t y on a r ef r i ger ant  suct i on t emper at ur e i n excess of  
0 degr ees C 32 degr ees F and a f oul i ng f act or  of  0. 0005.

Pr ovi de a f r angi bl e saf et y r el i ef  devi ce.  Pi pe t he devi ce t o t he bui l di ng 
exterior.

2. 2. 5   Pur ge Syst em

When a posi t i ve- pr essur e r ef r i ger ant  i s  used by t he manuf act ur er  i n t he 
basi c l i qui d chi l l er  uni t ,  a pur ge syst em i s not  r equi r ed.

When t he pur ge syst em i s i n oper at i on,  ensur e t hat  i t   aut omat i cal l y  
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r emoves ai r ,  wat er  vapor ,  and noncondensabl e gases f r om t he r ef r i ger at i on 
syst em,  and t hat  i t  condenses,  separ at es,  and r et ur ns any r ef r i ger ant  
pr esent  t her ei n t o t he syst em.   Ensur e t hat  t he pur ge syst em manual l y or  
aut omat i cal l y  st ar t s and st ops and i s assembl ed as a compact  uni t .   Ver i f y 
t hat  t he pur ge syst em i s compl et e wi t h oper at i ng and saf et y devi ces,  wi t h 
an oi l  separ at or  i f  r ecommended by t he manuf act ur er .   Ensur e t hat  uni t s 
pur ge no mor e t han 0. 045 kg 0. 1 pounds of  noncondensabl e gas.

2. 2. 6   Cont r ol  and Cont r ol  Panel s

**************************************************************************
NOTE:   Sel ect  t he f ol l owi ng par agr aph onl y af t er  
checki ng cont r ol  panel  s i zes and number s t o be sur e 
t hey can be uni t  mount ed.   Some or  al l  s t ar t er s may 
be mount ed i n mot or  cont r ol  cent er  and uni t  wi l l  not  
be t ot al l y  sel f - cont ai ned.

Coor di nat e wi t h Sect i on 23 09 33. 00 40 ELECTRI C AND 
ELECTRONI C CONTROL SYSTEM FOR HVAC and el ect r i cal  
requirements.

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

Pr ovi de a wat er - chi l l i ng uni t  wi t h one or  mor e cont r ol  panel s cont ai ni ng 
saf et y and oper at i ng devi ces and i nt er component  pi pi ng and wi r i ng f or  
f i el d- t er mi nal  connect i on and f ul l y  aut omat i c oper at i on.

Coor di nat e t he cont r ol s wi t h t he aut omat i c t emper at ur e cont r ol s syst ems and 
el ect r i cal  wor k speci f i ed and i ndi cat ed.   Pr ovi de a cont r ol  panel  
cont ai ni ng t he cont r ol  equi pment  speci f i ed.   Pr ovi de t he cont r ol  equi pment  
nor mal l y f ur ni shed and r ecommended by t he manuf act ur er  f or  opt i mum 
oper at i on of  t he syst em.   Per manent l y i dent i f y al l  cont r ol  panel  i t ems,  
i ncl udi ng t he f ol l owi ng:

**************************************************************************
NOTE:   The f ol l owi ng ar e manuf act ur er ' s st andar d 
i t ems.   I f  t he l ast  t wo l i s t ed i t ems,  mot or  
cont r ol l er s and NEMA 1 encl osur es,  ar e speci f i ed 
el sewher e,  del et e f r om t hi s par agr aph.

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

a.   Ref r i ger ant  suct i on and di schar ge pr essur e gages

b.   Oi l - pr essur e gages

c.   Pur ge- dr um pr essur e gage

d.   Ref r i ger ant  l ow- t emper at ur e or  l ow- pr essur e cut out

e.   Ref r i ger ant  hi gh- pr essur e cut out

f .   Ti me del ay r el ays

g.   Mot or  hi gh- t emper at ur e cut out

h.   Lubr i cat i ng- oi l  hi gh- t emper at ur e cut out  i f  r equi r ed by equi pment

i .   Oi l  di f f er ent i al - pr essur e i nt er l ock

j .   I nt er l ock r el ays and r eset  but t on
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k.   Manual / aut omat i c sel ect or  swi t ches and cont r ol s f or  pur ge pumps

l .   Pi l ot  l i ght s i ndi cat i ng posi t i on of  saf et y cont r ol s

m.   Syst em st ar t / st op pr ovi s i ons wi t h condi t i on- i ndi cat i ng l i ght s

n.   Load- l i mi t i ng devi ce t o oper at e capaci t y- cont r ol  mechani sm

o.   Cool er  r ef r i ger ant  t her momet er  wi t h wel l

p.   Mai n c i r cui t  pr ot ect i ve and i nt er r upt i ve devi ce

q.   Tr ansf or mer s f or  any ot her  sour ce- vol t age r equi r ement s

r .   Ter mi nal s f or  f i el d- i nst al l ed equi pment

[ s.   Mot or  cont r ol l er s

][ t .   NEMA 250,  Type 1 encl osur es

] Pr ovi de t he f ol l owi ng i t ems as par t  of  t he i nst al l at i on:

**************************************************************************
NOTE:   Coor di nat e wi t h dr awi ngs.   Sel ect ,  del et e,  or  
suppl ement .   These ar e nor mal l y f i el d- i nst al l ed by 
t he Cont r act or .

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

a.   Audi bl e- al ar m bel l ,  100 mi l l i met er  4- i nch di amet er

b.   Chi l l ed- wat er  and condenser  suppl y- and- r et ur n t her momet er s wi t h wel l s

c.   I ndi cat i ng- t ype chi l l ed- wat er  t her most at  wi t h wel l

d.   Chi l l ed- wat er  l ow- t emper at ur e cut out

2. 2. 7   Motors

Pr ovi de her met i cal l y  seal ed mot or s conf or mi ng t o NEMA MG 1, ANSI / AHRI  520 
and r equi r ement s f or  mot or s as speci f i ed her ei n.

Pr ovi de wi t h [ oi l - l ubr i cat ed,  r epl aceabl e- s l eeve,  i nser t abl e]  [ per manent l y 
l ubr i cat ed,  r ol l i ng- el ement ]  bear i ngs.

**************************************************************************
NOTE:   Li mi t  per cent  of  f ul l - l oad amper es at  whi ch 
mot or  cont r ol l er  over l oad wi l l  t r i p,  gas pr essur e 
di f f er ent i al ,  pumps,  spr ays,  uni t  capaci t y,  or  
ot her .   Coor di nat e wi t h mot or  cont r ol l er  
speci f i cat i on and dr awi ngs.

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

[ Pr ovi de t he mot or  wi t h t wo manual l y r eset t abl e t her mal - over l oad pr ot ect i ve 
devi ces l ocat ed wi t hi n wi ndi ngs.

]
**************************************************************************

NOTE:   Coor di nat e t he f ol l owi ng wi t h t he f ol l owi ng 
mot or  cont r ol l er  speci f i cat i on and dr awi ngs.   
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Rewr i t e as necessar y t o sui t  desi gned si ze and t ype 
equipment.

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

I f  t he wat er - chi l l ed uni t  or  any component  coul d be damaged by r ever se 
mot or  oper at i on,  and when t he pr oposed wat er - chi l l er  uni t  cont ai ns a 
mechani cal l y dr i ven l ubr i cat i ng- oi l  pump,  t he manuf act ur er ' s r esponsi bi l i t y  
includes:

a.   Pr ovi di ng r ever se- phase r ot at i on pr ot ect i on,  i f  mot or  cont r ol l er s ar e 
pr ovi ded as par t  of  package.

b.   I ndi cat i ng i n shop dr awi ngs t hat  r ever se- phase r ot at i on pr ot ect i on i s 
necessar y i f  mot or  cont r ol l er s ar e i n a mot or  cont r ol  cent er  not  
pr ovi ded by t he manuf act ur er .

[ 2. 2. 8   Insulation

**************************************************************************
NOTE:   Sel ect  t he f ol l owi ng par agr aphs onl y when 
speci f i ed equi pment  i s  t o be pr ovi ded wi t h f act or y 
i nsul at i on.   Nor mal l y pr ovi de f or  f i el d i nsul at i on 
of  cool er  header s.

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

I nsul at e and vapor - seal  t he cool er  shel l  and suct i on pi pi ng bet ween t he 
evapor at or  and t he f i r st  st age of  each compr essor  uni t .   I nsul at e t he wat er  
boxes,  al l owi ng f or  ease of  access t o heads f or  i nspect i on and r epai r .   
Wher e mot or s ar e gas- cool ed,  pr ovi de i nsul at i on and a vapor  seal  on t he 
col d- gas i nl et  connect i on t o t he mot or .

Pr ovi de t he manuf act ur er ' s st andar d col or  el ast omer i c uni cel l ul ar  f oam 
vapor  seal  mat er i al  of  25 mi l l i met er  1 i nch mi ni mum t hi ckness t o pr ecl ude 
condensat i on of  ambi ent  moi st ur e on any sur f ace under  s i t e- oper at i ng 
condi t i ons.   I f  uni cel l ul ar  mat er i al  i s  bl ack or  i s  ot her wi se coat ed,  use 
onl y pol yvi nyl chl or i de l acquer  f or  coat i ng.   When any coat i ng cr acks when 
uni cel l ul ar  mat er i al  i s  compr essed,  r emove t he coat i ng and r epl ace i t  wi t h 
t he speci f i ed coat i ng at  no addi t i onal  expense t o t he Gover nment .

] PART 3   EXECUTI ON

3. 1   INSTALLATION

I nst al l  equi pment  as speci f i ed,  and i n accor dance wi t h manuf act ur er ' s 
i nst al l at i on dr awi ngs and wr i t t en i nst r uct i ons,  i ncl udi ng t he r at i ngs and 
ser vi ce r equi r ement s.

3. 1. 1   Alignment

Bef or e at t empt i ng al i gnment ,  demonst r at e t hat  t he pump does not  have any 
l oad/ f or ce i mposed by t he pi pi ng syst em.   Mi ni mum al i gnment  val ues ( bel ow)  
ar e f or  pump and dr i ver  at  nor mal  r unni ng t emper at ur es.   Ensur e t hat  t he 
val ues ar e compensat ed f or  t her mal  gr owt h.   Ensur e t hat  t he l i mi t ed 
movement  of  t he pump or  dr i ver  ( commonl y known as bol t - bound)  i s  cor r ect ed 
t o ensur e al i gnment  capabi l i t y .   Do not  under cut  hol d- down bol t s i n or der  
t o per f or m adj ust ment .

Pr ovi de commer ci al l y  di e- cut  shi ms,  wi t hout  seams or  f ol ds,  made of  
cor r osi on- r esi st ant  st ai nl ess st eel .   Use no mor e t han f our  shi ms at  any 
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si ngl e poi nt .

Pr ovi de i nst al l ed al i gnment  j ack bol t s on al l  uni t s wi t h a dr i ve mot or  over  
[ 7. 5] [ 10] [ 15] [ 20] [ 25]  hp.

Pr ovi de a pump and dr i ver  wi t h an i nt er medi at e shaf t ,  spacer ,  or  spool  
pi ece ( somet i mes cal l ed a j ackshaf t ) .   Based on t he mot or  nomi nal  oper at i ng 
speed,  al i gn t he pump and dr i ver  t o t he f ol l owi ng mi ni mum speci f i cat i ons:

Speed(RPM) Close-Coupled
Of f set  ( mi l s)

Close-Coupled
Angl e ( mi l s/ i n)

Spool  Pi ece Angl e
@coupl i ng pt .

600 6.0 2.0 3.0

900 5.0 1.5 2.0

1200 4.0 1.0 1.5

1800 3.0 0.5 1.0

3600 1.5 0.4 0.5

Per f or m pump al i gnment  under  t he di r ect i on of  t he manuf act ur er ' s 
representative.

Pr ovi de f i nal  al i gnment  set t i ngs as par t  of  t he f i nal  t est  dat a.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   I nspect i on and Test i ng

Compl et el y char ge t he uni t ( s)  wi t h r ef r i ger ant  and oi l  bef or e oper at i on.

Pr i or  t o f i nal  accept ance,  ver i f y  pump and mot or  conf or mance t o 
speci f i cat i ons,  usi ng v i br at i on anal ysi s,  wi t h v i br at i on l evel s not  
exceedi ng 1. 77 mm per  second0. 075 i nch per  second at  1 t i mes r un speed and 
at  pump f r equency,  and 3. 5 mm per  second0. 04 i nch per  second at  ot her  
mul t i pl es of  r un speed.

Use a Fast  Four i er  Tr ansf or mer  ( FFT)  anal yzer  t o measur e v i br at i on l evel s,  
havi ng t he f ol l owi ng char act er i st i cs:

a.   Dynami c r ange gr eat er  t han 70 dB;

b.   A mi ni mum l i ne r esol ut i on of  400;

c.   A f r equency r esponse r ange of  5 Hz t o 10 KHz( 300 t o 600, 000 cpm) ;

d.   The capaci t y  t o per f or m ensembl e aver agi ng; ,

e.   The capabi l i t y  t o use a Hanni ng wi ndow;

f .   Aut or angi ng f r equency ampl i t ude;

g.   A mi ni mum ampl i t ude accur acy over  t he sel ect ed f r equency r ange of  pl us 
or  mi nus 20 per cent  or  pl us or  mi nus 1. 5 dB.

h.   An accel er omet er ,  ei t her  st ud- mount ed or  mount ed usi ng a r ar e- ear t h,  
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l ow- mass magnet  and sound di sk( or  f i ni shed sur f ace)  used wi t h t he FFT 
anal yzer  t o col l ect  dat a.

Ensur e t hat  t he mass of  t he accel er omet er  and i t s mount i ng have mi ni mal  
i nf l uence on t he f r equency r esponse of  t he syst em over  t he sel ect ed 
measur ement  r ange.

Upon compl et i on of  t he i nst al l at i on,  and wi t hi n 60 cal endar  days af t er  t he 
dat e of  i ni t i al  oper at i on,  conduct  per f or mance t est s i n t he pr esence of  t he 
Cont r act i ng Of f i cer .   Conduct  t hese t est s unt i l  t he per f or mance of  t he 
syst em i s pr oven,  wi t h [ 8] [ _____]  hour s of  successf ul  oper at i on as a 
mi ni mum per i od.   Cor r ect  any equi pment  def ect s or  per f or mance def i c i enci es,  
and r epeat  t he t est s unt i l  per f or mance i s f ul l y  accept ed by t he Cont r act i ng 
Of f i cer .   Det er mi ne t he wat er  f l ows by usi ng t he pr essur e- dr op acr oss t he 
chi l l er  and condenser  and r eadi ng t he pump cur ves.   Pr ovi de cal i br at ed t est  
i nst r ument s.   Gover nment  wi l l  pr ovi de t he l oad.

Ensur e t hat  each uni t  i s  t est ed f or  l eaks under  pr essur e and evacuat ed and 
dehydr at ed t o 2 degr ees C 35 degr ees F wet  bul b,  or  an absol ut e pr essur e of  
not  over  813 pascal  0. 24 i nch of  mer cur y

Pr ovi de f i nal  t est  r epor t s t o t he Cont r act i ng Of f i cer .   Pr ovi de r epor t s 
wi t h a cover  l et t er / sheet  c l ear l y  mar ked wi t h t he syst em name,  dat e,  and 
t he wor ds " Fi nal  Test  Repor t s -  For war d t o t he Syst ems Engi neer / Condi t i on 
Moni t or i ng Of f i ce/ Pr edi ct i ve Test i ng Gr oup f or  i nc l usi on i n t he Mai nt enance 
Database."

3. 2. 2   Manuf act ur er ' s Repr esent at i ve

Pr ovi de t he ser v i ces of  a compet ent  f act or y- t r ai ned r epr esent at i ve t o 
super vi se t he assembl y,  char gi ng,  t est i ng,  and st ar t up of  equi pment .   
Pr ovi de document at i on t hat  a f act or y per f or mance t est  has been conduct ed on 
ever y chi l l er  i n accor dance wi t h AHRI  550/ 590 I - P[ ,  wi t nessed by t he 
Gover nment  and Cont r act or ] .

3. 3   CLOSEOUT ACTI VI TI ES

Pr ovi de [ one]  [ _____]  compl et e set [ s]  of  speci al  t ool s,  as r ecommended by 
t he manuf act ur er ,  f or  f i el d mai nt enance of  t he syst em,  i n a l ocked 
t ool box.   Pr ovi de t wo [ set s of  ] keys t o t he Cont r act i ng Of f i cer .

Make pr ovi s i ons f or  Gover nment  per sonnel  t o r ecei ve [ 8] [ _____]  hour s of  
i nst r uct i ons i n pr oper  oper at i on and mai nt enance pr ocedur es.

Submi t  [ s i x]  [ _____]  copi es of  t he oper at i on and mai nt enance manual s 30 
cal endar  days pr i or  t o t est i ng t he cent r i f ugal  chi l l er  syst em.   Updat e and 
r esubmi t  dat a f or  f i nal  appr oval  no l at er  t han 30 cal endar  days pr i or  t o 
cont r act  compl et i on.

Submi t  r ecor d dr awi ngs f or  cent r i f ugal  chi l l er  uni t s,  pr ovi di ng cur r ent  
f act ual  i nf or mat i on,  i ncl udi ng devi at i ons f r om and amendment s t o t he 
dr awi ngs and changes i n t he wor k.

        - -  End of  Sect i on - -
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