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STRUCTURAL BACKGROUND 
!"# $%&'%# ($# )*++$%(# (,'# -..# /01'%# 2*03&0"4# $"# ($+# $5# (,'# 67/# 7%01'8# 9:;<# =>#

?'('%)# &''+# @A0))$")# A%'# A"@,$%'&# ($# (,'# 2'&%$@B# 2'3$CD##E0(,# (,0)# 5$*"&A(0$"8# (,'#

2*03&0"4# %A0)')# (C'31'# )($%0')# A2$1'# 4%$*"&#C0(,# (,'# )*++$%(# $5# )0F# 5''(# 2G# 5$*%# 5''(H

)+%'A&# 5$$(0"4)# $"# (,'# 0"('%0$%# @$3*?")D# IG+0@A3# 2'A?# )0J')# A%'#E:KFK># )+A""0"4# KL#

5''(#A"&#)+A@0"4#A(#'04,(#5''(D#

#

## IG+0@A3#40%&'%#)0J')#5$%#(,'#2*03&0"4#A%'#E:KF>L)#A"&#E:KF:K;)#)+A""0"4#KL#5''(#

A"&#)+A@'&#A(#KL#5''(#A3)$D#I,'#2*03&0"4#A3)$#@$"(A0")#(C$#2%0&4')#$"#(,'#=%&#A"&#:K(,#

)($%G# ($# @$""'@(# (,'#-..#/01'%#M*03&0"4# ($# (,'#'F0)(0"4#,$)+0(A3D# I,'#2%0&4'# 0)#2*03(#$"#

ENFKO#2'A?)#C0(,#2%A@')#(,A(#A%'#ENFKO#A"&#@$3*?")#A(#E:OFPPD#6$%# 3A('%A3# 5$%@')8#

(,'#2*03&0"4#*)')#@,'1%$"#2%A@'# 5%A?')# 5$%# (,'#=%&#A"&#:K(,# 53$$%)#A3$"4#C0(,#A# (%*))#

)G)('?#$"#(,'#:)(#A"&#K"&#53$$%)D#

#
'

'

MECHANICAL SYSTEM EXISTING CONDITIONS 

DESIGN OBJECTIVES AND REQUIREMENTS 
# I,'#?'@,A"0@A3# )G)('?# 5$%# (,'#-..# /01'%# 2*03&0"4# 0)# A# ,'A(# +*?+# )G)('?# (,A(#

+%$10&')#@$$30"4#A"&#,'A(0"4#5$%#(,'#:;;Q#R*(&$$%#S0%#-A"&30"4#T"0(#A"&#A3)$#('%?0"A3#

,'A(#+*?+#*"0()#(,A(#@$"&0(0$"#'A@,#53$$%#)+A@'D#I,'#?0"0?*?#$*(&$$%#A0%#0)#2%$*4,(#0"#

A"&#?0F'&#C0(,#(,'#%'(*%"#A0%# 0"#'A@,#('%?0"A3#,'A(#+*?+#*"0(#)'%10"4#'A@,#A%'AD#I,'#

?A0"# ,'A(# +*?+# +%$10&')# @$$30"4# A"&# ,'A(0"4# 5$%# (,'# S-T# 0)# A#CA('%H($H#CA('%# ,'A(#

+*?+#C,'%'#A)#(,'#('%?0"A3#*"0()#A%'#CA('%H($HA0%D#I,'#&')04"#$5#(,'#?'@,A"0@A3#)G)('?#

5$%#(,'#-..#/01'%#M*03&0"4#CA)#&'1'3$+'&#5$%#(,'#5$33$C0"4#$2U'@(01')V#

#

• T)'%H'"&#W$"(%$33A2030(G###

• X"'%4G#'550@0'"@G##

• .+A@'#@$")'%1A(0$"#

• /'&*@'#)+%'A&#$5#@$"(A?0"A(')#

E0(,#(,')'#$2U'@(01')#0"#?0"&8#(,'#-..#/01'%#M*03&0"4#*)')#?*3(0+3'#('%?0"A3#,'A(#

+*?+)8# +%$10&0"4# *)'%H'"&# @$"(%$33A2030(G# $5# ('?+'%A(*%'# 5$%# 'A@,# )'%10"4# )+A@'D# I$#

0"@%'A)'#'"'%4G#'550@0'"@G8#(,'#-..#/01'%#M*03&0"4#?'@,A"0@A3#)G)('?#*)')#A#,'A(#+*?+#

3$$+#C0(,#A#:;;Q#A0%H,A"&30"4#*"0(#)0J'&#5$%#(,'#?0"0?*?#$*(&$$%#A0%8#%'&*@0"4#'"'%4G#

"''&'&# ($# @$"&0(0$"#A# 3A%4'%# A?$*"(#$5#$*(&$$%#A0%# A"&# %'(*%"#A0%#?0F(*%'D# YA)(3G8# 2G#

)0J0"4# (,'# &*@(# +'"'(%A(0$")# 5$%# (,'# A?$*"(# $5# $*(&$$%# A0%# $"3G# A"&# ?0F0"4# (,'#

%'@0%@*3A(0$"#A"&#$*(&$$%#A0%#A(#(,'#('%?0"A3#'"&#%'&*@')#(,'#A?$*"(#$5#)+A@'#"''&'&#

5$%# (,'# &*@(C$%BD# MG# "$(#?0F0"4# (,'# %'(*%"# A0%# C0(,# (,'# $*(&$$%# A0%# 0"# (,'# S-T8# (,'#
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)G)('?#+%'1'"()#@$"(A?0"A(')#A"&#A0%#2$%"'#&0)'A)')#($#@0%@*3A('#(,%$*4,$*(#(,'#'"(0%'#

2*03&0"4D#

!"#A#,'A(#+*?+#)G)('?8# (,'%'#A%'# (C$#)'()#$5# ('?+'%A(*%'#%A"4')# 5$%# (,'#,'A(#

+*?+#($#C$%B#'550@0'"(3GD#R"'#)'(# 0)#@A33'&#(,'#3$A&#3$$+#('?+'%A(*%'#A"&#(,'#$(,'%# 0)#

(,'#)$*%@'#3$$+#('?+'%A(*%'D##!"#(,'#-..#/01'%#M*03&0"48#A#)('A&G#('?+'%A(*%'#%A"4'#$5#

P;6#($#:;;6#0)#"''&#5$%#(,'#)$*%@'#3$$+#A"&#O>6#A"&#LL6#5$%#(,'#3$A&#3$$+#5$%#@$$30"4D#

6$%#,'A(0"48#A#%A"4'#$5#>;6#A"&#Z;6#0)#"''&'&#5$%#(,'#)$*%@'#3$$+#A"&#P;6#A"&#:;;6#5$%#

(,'# 3$A&# 3$$+D# !"#$%&'%# ($#?A0"(A0"# (,0)# ('?+'%A(*%'# %A"4'8# A# @$$30"4# ($C'%# A"&#,'A(#

'F@,A"4'%#A%'#*)'&#($#%'U'@(#A"&#)*++3G#A&&0(0$"A3#,'A(#($#(,'#)G)('?#C,'"#"''&'&D##

I,'#-..#/01'%#M*03&0"4#CA)#&')04"'&# ($#A3)$#?''(#S.-/SX#.(A"&A%&#>KD:HK;;Z#

['"(03A(0$"# %'\*0%'?'"()# 2*(# &0&# "$(# ?''(# A33# %'\*0%'?'"()# )'(# 5$%(,# 5$%# S.-/SX#

.(A"&A%&#P;D:D#I,')'#%')*3()#C'%'#)(*&0'&#0"#!"#$%&#'()*++&,%-"%.)/)0)*123*4)1.'%5'65)

789/:8;;<) ="%.&('.&>%) 3"?>6.) '%5)!"#$%&#'() *++&,%-"%.) 8) 0) @A&(5&%,) '%5) B('%.) 4%"6,C)

*%'(C+&+)3"?>6.D#

S33# (,'#?'@,A"0@A3# @$?+$"'"()# 5$%# (,'#-..#/01'%#M*03&0"4#A%'#@$"(A0"'&# 0")0&'#

(,'# +'"(,$*)'# ?'@,A"0@A3# %$$?# 'F@'+(# (,'# ('%?0"A3# ,'A(# +*?+# *"0()# (,A(# A%'#

@$"@'A3'&# 0"# (,'# +3'"*?# $"# 'A@,# 53$$%D# 189:;<' =# 2'3$C# ),$C)# (,'# 3AG$*(# $5# (,'#

?'@,A"0@A3#%$$?D#I,'#@$$30"4#($C'%#0)#+3A@'&#)(%A('40@A33G#$*()0&'#(,'#?'@,A"0@A3#%$$?#

$"#(,'#%$$5($+#)*%%$*"&'&#2G#?'(A3#+A"'3)#@3$)0"4#0(#$55#($#(,'#+*230@])#'G'D##I,'#S-T#A0%#

0"(AB'#A"&#@$$30"4#($C'%#0"(AB'#?''()#S.-/SX#.(A"&A%&#>OD:#.'@(0$"#L#%'\*0%'?'"()D#

# #

#

#

#

#

#

#

#

#

#

#

#

'

'

'

'

'

'

'

'

189:;<'='>'!<?@AB8?AC'2DDE'&AFD:G)'
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EXISITING AIR-SIDE MECHANICAL SYSTEM 
I,'#-..#/01'%#M*03&0"4#+%$10&')#:;;Q#?0"0?*?#$*(&$$%#A0%#(,%$*4,#(,'#^@_*AG#

%$$5# ($+#*"0(#2%0"40"4#:O8;;;#W6^# 0"($# (,'#2*03&0"4D#I,'#$*(&$$%#A0%# 0)# 503('%'&# 0"# (C$#

)(A4')8# 50%)(#A#=;Q#'550@0'"(#(,%$CACAG#503('%#A(# (,'#$*(&$$%#A0%# 9RS<# 0"(AB'#A"&#A# 50"A3#

[A%0@'3#!!#@A%(%0&4'#503('%#C0(,#A#^X/[#:O#%A(0"4#A5('%#(,'#5A"D#I,'#RS#0)#@$"&0(0$"'&#2G#

,'A(0"4#A"&#@$$30"4#@$03)#A"&#&*@('&#&$C"#($#'A@,#53$$%D#I,'#$*(&$$%#A0%#0)#?0F'&#C0(,#

(,'#%'(*%"#%$$?#A0%#2G#(,'#('%?0"A3#,'A(#+*?+#*"0()#0"#(,'#+3'"*?D#I,'#('%?0"A3#,'A(#

+*?+#*"0(# (,'"#@$"&0(0$")#(,'#)*++3G#A0%#A4A0"D#0AHC<'I#+%$10&')#A&&0(0$"A3#&'(A03)# 5$%#

(,'#S-TD 

#

0AHC<'I'J'"+3JI'!?K:AF''*"+LMIJ4N"!'
:;;Q#RS#W6^# :O8;;;#

I$(A3#.(A(0@#`%'))*%'# LD=P#!"D#C4#

*DDC8B9'

XSI#97MaEM<# PLaZL#

YSI#97MaEM<# LZDKaLZ#

XEIaYEI# O>DZaLL#

63$C#/A('# KKL#b`^#

+<AG8B9'

XSI#97M<# ;#

YSI#97M<# PKDL#

XEIaYEI# :;=aN=DK#

63$C#/A('# KKL#b`^#

(:OOCF'1AB'

^$($%#-`# KL#

^$($%#M-`# K;D;>#

/`^# :ZL;#

$<89@G' PL;;#YM.D#

#

S(#(,'#('%?0"A3#'"&8#'A@,#('%?0"A3#,'A(#+*?+#*"0(#@$$3)#A"&#,'A()#(,'#)*++3G#A0%#

?0F(*%'#$5#$*(&$$%#A0%#A"&#%'(*%"#A0%D#I,'#$+'%A(0"4#)*++3G#A0%#('?+'%A(*%'#5$%#@$$30"4#

0)#>Z6#A"&#(,'#%'(*%"#A"&#)*++3G#?0F'&#A0%#('?+'%A(*%'#5$%#,'A(0"4#0)#:;L6D#

I,'#-..#/01'%#M*03&0"4# A3)$# @$"(A0")# 9><# @'"(%05*4A3# %$$5# *+H23A)(# 'F,A*)(# 5A")D#

I,'G# A%'# *)'&# ?A0"3G# 5$%# 'F,A*)(0"4# A0%# 5%$?# 2A(,%$$?)# A"&# 3$@B'%# %$$?)D# R(,'%#

'F,A*)(# 5A")# A%'# *)'&# 5$%# 'F,A*)(0"4# (,'# 'F'%@0)'# %$$?#$"# (,'# K"&# 53$$%# A"&# A3)$# 5$%#

)?$B'#+*%40"4# A33# 53$$%)# 0"# @A)'#$5# A# 50%'D#0AHC<' =# +%$10&')# A&&0(0$"A3# &'(A03)# 5$%# 'A@,#

'F,A*)(#5A")D#

#

#

#

#

#

#

#
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#

#

# #

 

EXISTING HEAT PUMP SYSTEM 
I,'#?'@,A"0@A3#)G)('?#@$"(A0")#9=<#CA('%H($HCA('%#,'A(#+*?+)#($#@$"&0(0$"#(,'#

:;;Q# $*(&$$%# A0%# A"&# 9:LZ<# ('%?0"A3# CA('%H($HA0%# ,'A(# +*?+# *"0()# $"# A33# 53$$%)# ($#

@$"&0(0$"#'A@,#)+A@'D#I,'#,'A(#+*?+)#A%'#A33#@$""'@('&#($#A#@$??$"#)$*%@'#3$$+D##I,'#

,'A(#+*?+#)$*%@'#A"&#3$A&#3$$+#)G)('?#@$"(A0")#A#?0F(*%'#$5#CA('%#A"&#=LQ#+%$+G3'"'#

43G@$3# ($#+%'1'"(# (,'# 3$$+# 5%$?#5%''J0"4D#I,'# 9=<#CA('%H($HCA('%#,'A(#+*?+)#+%$10&')#

(,'#'"('%0"4#CA('%#('?+'%A(*%'#"''&'&#5$%#(,'#('%?0"A3#,'A(#+*?+#*"0()#($#%'U'@(#A"&#

A2)$%2#,'A(#&*%0"4#@$$30"4#A"&#,'A(0"4#)'A)$")D#I,0)#2'0"4#)A0&8#(,'#('%?0"A3#,'A(#+*?+#

*"0()#+%$10&'# (,'0%# 3'A10"4#@$"&'")'%#CA('%# ('?+'%A(*%'#A)# (,'#'"('%0"4# ('?+'%A(*%'#

"''&'&#5$%#(,'#)$*%@'#3$$+#5$%#(,'#9=<#CA('%H($HCA('%#,'A(#+*?+)D#I,0)#&'30@A('#2A3A"@'#

0)#B'+(#0"#@,'@B#2G#A#@$$30"4#($C'%#A"&#,'A(#'F@,A"4'%#($#%'U'@(#$%#A&&#?$%'#,'A(#($#(,'#

)G)('?# ($# ?A0"(A0"# @$")(A"(# ('?+'%A(*%'# &055'%'"@')D# 0AHC<' P# +%$10&')# A&&0(0$"A3#

&'(A03)# 5$%#(,'#CA('%H($HCA('%#,'A(#+*?+)D#0AHC<'M#+%$10&')#A&&0(0$"A3#&'(A03)# 5$%# 9:;<#

&055'%'"(#)0J'&#CA('%H($HA0%#('%?0"A3#,'A(#+*?+#*"0()D##

#

0AHC<'P'J'$AG<;JGDJ$AG<;'+<AG'/:EO''J'!?K:AF'$42$'
# .$*%@'# # Y$A&#

63$C#/A('# ZL#b`^# ZL#b`^#

EA('%#`%'))*%'#7%$+# K:DNN# :>D>N#

*DDC8B9'

XEIaYEI# P;a:;;DK# LLaO>DZ#

-'A(#/'U'@(0$"# =NK8POO#MIT-#

I$(A3#WA+A@0(G# KPP8:==#MIT-#

+<AG8B9'

XEIaYEI# Z;a>;D:# P;a:;=#

-'A(#S2)$%+(0$"# =ZL8>NL#MIT-#

I$(A3#WA+A@0(G# O>O8=>L#MIT-#

'

'

0AHC<'=J'%Q@A:RG'1ABR'>'4;<<B@<?S'*:H<J=ML#/'
^$($%#T"0(#

c$D#

.'%10@'# W6^# .`#!cD#

Eb#

/`^#

M-`# -`# X3'@(%0@##

.dH:# .?$B'#`*%4'# :;8;;;# :DL# NZL# ODZK# L# O>;a=a>;#

IdH:# I$03'(#XF,A*)(# K8=>;# :DL# :8>;:# :DK># :DL# O>;a=a>;#

IdHK# I$03'(#XF,A*)(# K8ZLL# :DL# :8ZLK# :D>K# K# O>;a=a>;#

IdH=# I$03'(#XF,A*)(# :8ZNO# :DL# :8ZNO# :DZ# K# O>;a=a>;#

bdH:# b'"'%A3#XF,A*)(# =8KO;# :DL# >KZ# :DPK# =# O>;a=a>;#

bdHK# bG?#XF,A*)(# :8KL;# :D;# :8ZO:# DLO# DZL# O>;a=a>;#
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'

'

'

'

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0AHC<'M'J'$AG<;JGDJ"8;'0<;E8BAC'+<AG'/:EO'3B8GR'>'!?K:AF'$*!('
*DDC8B9' +<AG8B9'# W6^# XX/# WR`# 63$C#

/A('#

9b`^<#

E`7#

95(<# I$(A3#

WA+A@0(G#

-'A(#

/'U'@(0$"#

I$(A3#

WA+A@0(G#

-'A(#

S2)$%+(0$"#

S# =;;# ::D;:# =DK=# K# >D;># N8OK;# ::8:Z># ::8ZPK# N8P>N#

M# O;;# :;D>P# =D:=# KDL# :;DOZ# :K8;OZ# :>8:NN# :>8NPL# :K8LN=#

W# L;;# :KDOP# =D>># =DL# :LD=Z# :L8KLN# :P8>N=# K;8:>N# :L8:L=#

7# >=;# ::DN># =DOZ# O# :>D>O# :P8;=P# KO8P;Z# KO8Z::# :N8Z:O#

X# N;;# ::D>:# =DO;# L# >D>:# K=8>N=# =;8PN:# KP8KON# KK8K;:#

6# :;;;# :KD=L# =D>K# Z# :ODO=# =:8LLN# O;8ZLP# =N8>:O# KP8;NZ#

b# :K;;# :KD;N# =DLO# N# ::D:Z# =L8KKN# OL8>PZ# OL8>OL# =O8LZO#

-# :O;;# :KD:P# =DLZ# :;# :=D>N# O;8PLK# LK8PPP# LK8=>Z# =P8==;#

!# :>;;# ::D>;# =DO;# ::# :>DPO# O>8::Z# >;8=NZ# L=8PP:# O;8N:=#

e# K;;;# ::DO># =D=># :O# :>DPN# LP8ZKO# ZN8L;:# ZZ8>:P# LZ8PN:#
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SOURCE AND LOAD LOOP COOLING DIAGRAM 
' I$#*"&'%)(A"&#(,'#,'A(#+*?+#@G@3'#0"#?$%'#&'(A038#T89:;<'P#2'3$C#&'?$")(%A(')#

(,'# 53$C#+A(,#A"&# ('?+'%A(*%')#$5# (,'# )$*%@'#A"&# 3$A&# 3$$+)#&*%0"4# @$$30"4D# .(A%(0"4#

C0(,#(,'#Y$A&#Y$$+8#(,'#,'A(#+*?+#+%$10&')#O>6#CA('%#($#(,'#@$$30"4#@$03)#0"#(,'#S-T8#

C,0@,# %'(*%")#2A@B# ($# (,'#,'A(#+*?+#2G#+*?+)#=#A"&#O#A(#LL6D# !"#$%&'%# 5$%# (,'#,'A(#

+*?+# ($# @$$3# LL6#CA('%# &$C"# ($# O>68# 0(# %'U'@()# ,'A(# ($# (,'# .$*%@'# Y$$+D# I,'# .$*%@'#

Y$$+#A2)$%2)# (,'#,'A(# 5%$?#(,'#Y$A&#Y$$+#A"&#,'A()#*+#(,'#CA('%# 5%$?#P;6#($#:;;6D#

I,'#:;;6#CA('%#0)#(,'"#2GH+A))'&#5%$?#(,'#53$$%#3$A&)#A"&#&0%'@('&#($#(,'#@$$30"4#($C'%#

($#%'U'@(#,'A(#5%$?#:;;6#CA('%#&$C"#($#P;6D#I,'#P;6#CA('%#0)#(,'"#+*?+'&#(,%$*4,#2G#

+*?+)#:#A"&#K#($#'A@,#53$$%#)'%10"4#'A@,#('%?0"A3#CA('%H($HA0%#,'A(#+*?+D#I,'%'8#(,'#

P;6# CA('%# +%$10&')# ,'A(# %'U'@(0$"# 5$%# (,'# %'5%04'%A"(# 0"# (,'# ,'A(# +*?+# ($# +%$10&'#
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