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Chapter 1

P&ID, D&ID & Electrical Block Diagram

P&ID

P&ID a320p5¢n piping and instrumentation diagram o3a3c83loopSi HVAC system (chilled water
system) ogeom piping o0pd chilled water $& cooling water pipes gp:o3 a3cGa0du
GE:30Pa38: qp:od sub-contractor eom ©pda 20eoeyC:an supply and install codeg
§oopdi coal 3298:qpopt 6lgpd00cd cooling water 0005 c0eoyE:S), scope G205 §o3
320905 J05a3803c0pd: gE:afmmam eddgodeny §aopdi Chilled water pipe size o3eox vendor

@8l sub-contractor eeosdloopdn 2oeoinoy i material $& installation oxo§uro0p5

Instrumentation 23655 system o€clo€oog) valves and instruments qpso G drawing op¢
eedlgoon:oopdn 305e38: flow rater valves and instruments qpsd 00520050005 information
60R0% 30p5e0R§E0pN Information saopgfickop 8 drawing ogé sacphjogpdbean efops
3800 oqeoon drawing [3820051 008800 8 drawing o3o3pSqeomSins: woBi Reference
bt o830 3260 qpiqpieoy implementation 88:oncpeogen B3cS3 8GweBE oo
o8[o30m G0ggoopdt 9908 380 80508 om0 double line drawing Gogodom [Boog
360933(0]) Gombieomt: flaa cpapiaax combigy 30p:q) [o320p

Fig.1.1 g€ $080 [goonzoopdi GE:2005 P&ID 2005 0pbadlgdaopd adomn? a3eoqs 3a03050m
eedlgoogSs [4og ondeg0pt GE:3203¢E: design cvde) eg§Edl 880ma3 a8eocdoopdi
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D&ID

D&ID a320p0¢n ducting and instrumentation diagram o3a3c8o0p5i & diagram og€ ducting,
air flow, instruments 033503 SlooBoogSi Duct size oreom 030S0a8ly Q83 3268 9oo05e
c0p§o38:8E20p5 powd - ducting 22005 single line diagram (SLD) &8[G: 20050005 drawing
85900 G888 200588607 326001805 qpicd qEapd 0021388 Flasgh

Fig. 1.2 005 $0§0 Gudlgoonsoopdn  oddop€eom electrical control line qp:dl cedjgoonzoopd
50905 3309080007 93000588 FoogSi Ad3Es control 88:qps feedback signal, common
alarm & control panel $8coop PcoSge [qoorosd 0305 meoBBH0E P35S
206omedod §8c86wa5 vp egfcodlaopdi Electrical control panel §& 0050003 0830905
(power lines and control lines) qpzo? 9afo36:q: qEye8dlaoSi [yaonieoon system 2308 hard
wire oB3odi0006070 system [380055 o3 000w Bigo 9oSondll PLC odaonieon system &
00520050005 203 3208: (©) Functional design specification o3& (o350l

- HVAC panel 20p5 op 880 ooeo& cuiqepd power and control gpssacgod power distribution
(utility load) o3 32q€005¢) breaker side 90006a0503:005 830003 2E 20050056200N

Panel o3oEaonepd main power supply Slepdi

- Main power supply 20p5 440 or 480 and 3Ph [4d20p8 320305 6§005006 supply or control

voltage 320305 230V 006c8E: power supply 22655, 305N

- Ventilation fans qp:320305 66502093 AAl cozeoopdi Local control 330305 local switch (control

switch) o3ad002:Clon GE:zp0305 control line 006c3Escusqoopdn oo fan §& 005200503
@&Déu 90% @éﬁ §osméescn8 C\?&S]u

- Fig. 1.2 038 [goo0coneo0n AHU 20p5 onfeps deck 0pEeomn galley room sacgedfydoopdi AHU

room 20p5 630532000038 condeomelops [gdaopdi dogé cooling and heating $603E:
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60R0880p51 ABdE:qp:aopd galley room o30pE 0o6s0ooieadn temperature controllers gpsod
ageomn o38sqp: [9doopdn Cooling 20pd 3-way valve 20305 [98[Gs heating 20pd AHU
2038:09¢ §eom heater 320305 [gdaopd

- AHU 03€ UV system Alf§: UV panel o3 HVAC panel ¢ ddleusqeamelop Aldl 0odadE: §aopdi
Fault [§9doo HVAC system ¢23§q§ 20305 alarm 320305 006c8E: §oopdi UV system 20pd

cooling coil $& AHU 320382 bacteria qp:? 200968 520305 322%y| [9E: [gd20pd

- Fan motor 220305 dldl 006c3&: (On/Off) $& trip [§9don HVAC panel ¢a3q§ alarm ood9
§oopdu

- Heating coil 320305 dldleo:qs c0dc8E: $C over heat or other faults eoy s20305 alarm
00688z §oodi

- Cooling 320305 3-way valve 03 3298 22805 modulating 320305 actuator o3agn:eax control

088: 00808E: §oopSi

- 18°C thermostat 220305 control c3&: 0o8c3Esa G005 odl vesqeom wupcdeon Chilled water

temperature 82505202 18°C §o 3-way valve 00oEgE coig§ copSoogEaom [gdaopd

- Filter 320305 pressure differential 2005 mechanical type [98[g: local indication sacgod0m

[9920p5 320305 electrical connection ecsadao

- Fire damper o3¢ solenoid valve energize [gdeoq$ dldl 0od6c3Ca limit switches cogsa0305

6c8&: (close and close contacts) §oopSi Damper position 20pS damper panel 93 signal
022095 [§620051

- Emergency shutdown 950305 006c38: §oopdi Emergency condition o€ VMS (vessel

management system) ¢ remotely HVAC panel 03 shutdown cp&:000q$ (962005
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- Common fault 320305 VMS o3 fault signal cosq$ codcdEs
- oofgpz AHU gpss€ interlock apboozaopl 320305 feedback signal 0o6c3E:

SdcqC electrical panel 3208 220905603 $& 0OHVDE §9:00P56R0LY BRLOAlaRdI BBV

030503 §02005 206oMedlndeeE cdd Gryreondilaodi
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Electrical Block Diagram

Fig. 1.3 to 1.5 2005 electrical block diagram gp:03 cedjgooddgts [gboopd o3 [ogpdgaandyS

equipments and instruments qpsod ogoseoon electrical wiring (cables) gp:od 206oEAINS

5920005 ©B[gd20pd GuoRLy ZyE electrical $E005000500¢) 8sd:0d electrical engineer ©
om0y beendes [§eabeosd c8dondy utility load list 0gc50308 main contractor
(shipyard) o 03u503:000 power consumption 320305 design engineer ocpdeomeoy copds
820081 cBma0305 power consumption §80050005¢§ design engineer 030305005
commoogoog (o) sagaSreneon §oicopS 2069madch aoratoopl

63200500003 [3pdd Cable size oneoxy electrical 2062, 32005[gd20p0N B3udoneom,
2000308 connect yBqupS o oBamioobaoghn omefe pbaanES soxed Banf,
c8oopdi Electrical panel ¢ electrical components gp:a8 80050056000 cable gp:§ooa’, 28 main
power supply (from shipyard) ¢ HVAC panel o 005090560 338:qpcd  Oopc
cfgoonmaoghy BB gocopSesnt  [Sefigd  weomedcd  gorcopSupion
09508125081
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Field control cable

Yard to install

Field power cable
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Chapter 2

Overview of Compressors and Water Cooled Chillers

Chiller qpzo? 32294gje000 compressor type 326 03¢ ¢oopd[: edl edl[mya0pdn saafgdsandyC,
compressor Goos§j §oopdup ©aduR&E5N odeloxpg chiller type 20pScopds Goosdjp VHe38E
G020pd1 G&:aB oo -

1. Reciprocating
2. Rotary
3. Centrifugal

4. Absorption o3[g&20051

1. Reciprocating

Reciprocating compressor 20p5 positive displacement machine [3g] 220p6cp&den automobile
engine gp:6l 320000000 $& 80Ear005 CloCeoon 20805323C: gpencRd: piston, connecting
rod, crankshaft 200503 [96[G: motor [g&ewnrzo0p5n Piston 63300503 so:ognieom 324l suction
(inlet) valve &ognsf8e refrigerant qp:od cylinder 8823 sBopagnioopdn Upward stroke oé&
pressure [g&oo05cnG: suction valve 0380503052005 Cylinder Bop€ §eseom pressure 20p5

discharge line o3& §eseom pressure coodgp:aneox 28l discharge valve o30p5:eCe)
Bamielop geseo00 gas o3 discharge pipe 2203E:03 eepadognieoasgd

Reciprocating compressor qpzaopd open type (a3) hermetic type gpsgd$Ea0001 Open type ogé
external drive [4620p5 motor 20p5 housing &l 5[gEendopE §e) hermetic type o€ compressor
$& motor 20p5 housing 02d9oopS: 32038:en 0€0P5§o0pSn Motor shaft o3 compressor

crankshaft $& integral [gopSoonsg) motor opd refrigerant $& oBeogesoopdi Hermetic
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compressor gp:o? welded shell o308 b0 209805 cong) semi-hermetic compressor
oogcieom, welded 0cobd bolt Basodiyg seal [yroBoonianpt oBefo3s repair o630
0588 hermetic 6o0ne0m 0eLIGES: Fe080SconeaNaoPs [yBcdeqeor Semi-
hermetic compressor Gog03 water chiller Gogen 26oddG0: FY:gPzo0pdl Semi-hermetic
compressor qpiog8 s00o8d 12 %308 §886a500p5: 4 a3 (33) 6 adro0pS 293 apIed:
(582005

Fig. 2.1. Reciprocating compressor

Reciprocating compressor ogei capacity control 03 6220050l 3203€: [gjapbaopd
1. Cycling the compressor on/off, with or without multiple compressors

2. Using cylinder unloaders

3. Using hot gas by pass or

4, All above three methods
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_ Suction Shutoff
Suction Valve Discharge Header Valve

Plate Discharge Valve Saiéty Spring \
Header Ass'y. Arisn
Relief Valve N\ _ g
(High to Low) | =3 'S S J‘Q_
Discharge wa K em B e TN e
Shutoff Valve ! ;,

Pressure and g ¥ i — \
Scavenger Oil L| o T P ; .
Pump Assembly

Qil Filter

Qil Pump Scavenger Oil Suction Strainers

Oil Charging Strainer Strainer

and Drain Valve ¢ an1case Heater
Well (Two Used)

Fig. 2.2. Semi-hermetic reciprocating compressor

No.1 $p0:a005 cost-effective $& energy-efficient [gdeoco strategy [gdoopdn sacpsoofys
compressors 6o SagpioF 093002600 system cogopE [gdaopdi Compressor cycling o3
o0[g§[gs 3068 32805 pbeolgéanpd motor failure [gBeoa0pSt 268 motor failure [gBfgE:03
omogudgs 920305 control circuit relay 20pS compressor restarting time o3 delay cpdeos(3e

mfgps relays cogoopd compressor o3 minimum amount of time [9& ewoC:sCoofgts [9&
[910968E 2005

Unloader 2005 suction gas valve 03 oooeoigédy piston aopd gas o compress ecobeooopd
device [gdoopSi Piston 2005 unloaded condition ¢03 350p60p6652005 320305 part-load energy

efficiency 2005 cycling method coodeom; $05:e5600880pd

Hot gas bypass $p5:00p5 compressor discharge line ¢ogo5co6o0n hot gas o3 evaporator a323

[b$q) Se0s00d $054yE 300562005 Low suction pressure ¢ control [geS[gEs [gdoopSn Hot
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gas bypass 2000 load cd:0 ©§oopd seefgzacs (zero load) ¢oeomE chiller o3 run eoxolgé
energy saving odeon adelopE hot gas bypass $p5:03 critical low load applications Gogeoo
32003q| 90&20p51

2. Rotary

HVAC 05005038 rotary compressors qpzgo 3200dgiagi0d §ep scroll, fixed vane (single blade),
rotating vane, and screw (helical-rotary) types o3 333l320& [4do0pdi Scroll, single blade $&
rotating vane compressors qp:gd> capacity coocodeoxn application qp:og& :390?:@[ @ooéu
sp0p:00[gE scoll compressor qpsen package units g€ 320%:qp:aopdi Emerson company
©000dw6eoon copeland scroll compressor qpsed 29:qo reliable [g9aopl 220305 oydmRIES
[b&fas 3205gfog00p5n Capacity saon§se008 gp:o3 application Gogeoeoxy screw compressor
600000 package units gpsEac05 320d:qpso0pdn Single screw and twin screw oRg) type $6§s
§oopSi

Single Screw

Single screw compressor og¢ single cylindrical main rotor doCej gate rotors 0od9 $& 03¢
3200600620001 Main rotor shaft ¢ compressor o3eenCsq] gate rotors gp:on follow &0
Main rotor oocopdeoeomeloPs screw §, 0dOEddYd @§eoon gate rotors gpiei
saagoiqp: $G casing [ogp:03¢ refrigerant 2005 8058620051 3280056[god copbuodes(gEielop
groove volume 2005 3¢j3¢) cooscudcxn(8: compression odlgdeooopd

Screw compressor o3 compressor casing 8203&:03¢ §eom slide valve oo control &0
Single screw §, oodecdo0dgd 0E§eomn slide valves gpzoopd independently 82005000

conaeloPE fully modulating process [9 3006 cpSeeonESER: part-load energy performance

o3eomEsgd qfjeoaopd
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Screw rotor

High-low pressure

differential lubricating
mechanism

Casing

Gate rotor

Bearing

Main electric motor

High efficiency oil separatar

Slide valve
Bearing lubricating oil
for models using
new refrigerant

Fig. 2.3. Single screw compressor

Twin screw

Twin screw 2095 duble rotary screw $&9dleoon compressor [g20o0n Twin screw o3¢ helical
grooved rotor $6¢9 dloCq 0od9on maler Ffgr:00d9mn female [gdaopbi Bsde Bone male
SsBlgbr female BgBlsd ooboon mewod: (drive) [s8aq Tofgrodaos mewn:d (driven)
[g920p5n Compressor §, suction side op€ male § female rotor $&9 [oPpe omMese0
esepaptiad gas o€aonaopdi Rotor onappdeuieomalopE male § female rotor $8920p5 mesh
(80 BoScoSodSf  gas o3  casing 0385 8058csee00pl 550056405
copSuoSesfalielopd space oopS oqfialypBianSoons oyialpSinf: gas o8 838aui0g
865005 gas 2008 rotors qpsci 3aadie compressor of discharge oagoSagpioogd

Twin screw eogog€ capacity control 830305 slide valve Ag) rotor §,discharge side 32502038

0008000 3203E: 8obdeseo gas 0odgod bypass capbom compressor & suction side o8
[u$3e0igEdy& capacity control [grode0:0005 $05dgda0pdN
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Volume 2

|
2
S i -
:

2 M

housing

male rotor
female rotor
intake side plate
timing gears
carbon ring-shaft
sealing

oil sealing

radial beaning
axial bearing
ventilation fan
driving shall
step-up gear

oil pump

oil cooler

Fig. 2.5. Carier twin screw chiller (1300 kW cooling capacity)
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3. Centrifugal

Centrifugal pumps gpsc3o€ centrifual chillers gpsoopS impeller §g 0oCso0p5 high speed $&
copdoobesaopdi  Refrigerant  20pd  copduddeseam  impeller 9303  axial  direction
:203&:08cmGe radial direction 2203&: higher velocity $& [gS$ogodogaeaopdi Centrifugal
compressor 03&5 single stage (one impeller) o%po?ors multistage (two impellers or more)
§$Eo0pdn Multistage centrifugal compressor o3¢ first impeller © ogobconeomn discharge gas
20p5 second impeller i suction side o3 oEeepadao 205393, oofgn: stage cogopaopds adspds
copdseomss [gdaopdi Rotary compressor gp:o3,.030& multistage centrifugal compressors
qPP2a0pbcopds economizers gp:o?d 00pd99¢ GAIE:00 00n:8E0p5H Economizer 2005 intermediate
pressure § liquid line ¢ flash gas o3 sa§js§jzeoon comression stages qpzel suction §893, inject

cvdeoz00pdI Imojpeoqrianeom efficiency oBgEonndameooodi

Reciprocating cmpressors qpz3030E centrifugal compressors gpzaopScopSs open or hermetic
type Gog§aopSn Open centrifugal compressore qpiog8 motor 00g5 casing @i 32805038
codffs shaft 00p5 casing B3ewroSff: 080l GEiesepod seal coSaomioopSi Hermetic type
"GoM0%d 3203¢: houseing 0o693o03E:00 compressor Gox motor 6o copdoodG: motor
2058 refigeant 88 0305805 Baay (direct contact) GsaopS Compressor of compression cfo&
[gbedl cneoon discharge pressure 20p5 impeller tip velocity §, function [g&[g&sclo3p impeller
speed 3¢ [gSacoe00 3¢ cooicuSeonn impeller diameter 48§ c8ccoacofyBoopSt cBsoSion08
200590500nGom pressure o898 compression stage 3§ gpiecosco 8 8 eavicuSean
impeller diameter c3eroerolgboopdbi 0o64),0005pGaagP0pS smaller impeller §, speed o3
(1808 8848 320905 gear drive qpic3 s2a3dg[o3g) 028800607 larger impeller (o3) multiple
stages qpzo3 direct drive $E03¢) 3a09dyfo30005n Direct drive machines qpsogE moving parts,
SloBo| 3 #p5e{Gr beaing copbibe $p5iG: oofgps machine copsé; §icioopaqf 8¢ diqfieocopSs
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o\ /O\

€= . = °
IIE—/ L
L[] - L[] L[] L] \\-
p—
It
16 1 14 13 12 11 10 9 8 7
LEGEND

1 — Motor Stator 9 — Impeller
2 — Motor Rotor 10 — Pipe Diffuser
3 — Motor Shaft Journal Bearings 11 — High Speed Pinion Gear
4 — Low Speed Bull Gear 12 — Oil Heater
5 — High Speed Shaft Thrust Bearing 13 — High Speed Shaft Bearing
6 — High Speed Shaft Bearing 14 — Oil Pump Motor
7 — Variable Inlet Guide Vanes 15 — Oil Pump Cover
8 — Impeller Shroud 16 — OQil Filter

Fig. 2.6. Components of Centrifugal Compressor

Centrifugal compressor cogel capacity o3 $o0:adsspds [9€ control coSo0p0n Inlet guide vanes
(or) prerotational vanes $& control cod[gEsaopd saadigpieon $p5gdaopdi Adjustable vanes
20p5 impeller eye e suction side 0onp5§[8s refrigerant o3copSudd(Gs v€eepod coneoopdN

GE:0005 impeller & volumetric flow characteristics o3e[gpE:cdeo: unloading 038960000530,

[gde00005

Fig. 2.7. Inlet guide vanes
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30300 $p5:0060m inlet guide vanes gpisC cAC:063204g8s impeller &1 speed ode(gpEicd o
025 [§8o0pSh Variable speed fan or pump o358 wopd impeller speed Becypy cotfaliyd
:eodeontigieomn part load energy characteristics o3q§eooopdn  Impeller  20p5
cdean0d6om pressure diffeential (lift) 03000500660 8ES Baopdi odwam refrigeant o3 low
side (evaporator) ¢ high side (condenser) a38co60:88608 [§80p51 §qupS minimum speed of
impeller o3 adgode000ben o life oE[gdaopdi Lift 86eco evaporator $& condenser [o3psel
temperature difference &:onSeco [§8B: impeller oicosSu0d 886 copSeopd: 8¢ eseco
480051 Impeller 0058 a[g888e%: 3a08200: speed §& cvpSucSesaom 3§E0RS inlet guide
vane o3 sa0%(y[B: capacity 0% 8¢j qeo:§Eavoogb

Capacity control 350305 000300 §05:c0&se0 hot gas bypass [gdoopdi oofgps compressor type
eopc80€ hot gas bypass 20p5 chiller o3 zero unload $&ewnEsEeo§E(Ge hot gas o3 compressor
discharge side ¢ suction side o3 [g$3a0:a0001 Hot gas bypass $p54gE part load energy savings

cox 0§l

Centrifugal compressor qpsei characteristics qpce c&90re0m "surge” [3888[S: 362005
Surge 83a0p5¢n compressor o> low volumetric flow ssefgssesen high it o3cocdeo:d
Bmboarn 8808 [§8edloosd safgeees (condition) 08 B3edlad Surge ofgBeoqs
centrifugal compressor @oo? control cvSeoaEPdgd: wo:a00b part load perormance
med ol limit 0od9 congleydoopdn Surge condition me[gmaesop refrigerant 2005
compressor 33038:036 6q,08:0805 G§205gpeo Godel B{gblar 3pseps [9besll: sppdey
080 58 heat o [sBedleocosdi Ssacfgerescgs operation oofogpesdion compressor
Qo58:88a0051 Compressor cSeuiesaom eletrical current 00p5 0205865 o805 [yBes:

refrigerant flow c0pScopS: elgpE:adesdlon surge (46652005 03 3a0gudonmy 38§ Ea00i
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Fig. 2.8. Carier centrifual chiller

4. Absorption

Absorption chiller $& 0050005¢] HVAC $05005038 ad:e00 0§ oofyE eonglyeomdli

Chiller Efficiency

Peak design condition og& chiller gp:&i efficiency o3 COP (coefficient of performance) $&
2005600520001 COP 20p5 refrigeration capacity (heat removal) o power input to compressor

(energy input) $& @2002:6000 Zo4s [gda0pdN

Refrigeration Capaci
COP g pacity

" Power Input to Compressor
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COP on§8:qpseco  chiller @i energy efficient [9dg| Sqpseco [gdoopdn Electrical power
$05s5p5:003q[Q: refrigeration effect qpzqpzqdon energy savings eomE:a005 2060 [gda0di

pown - 28 ton capacity §eooo chiller 820305 25 kW power input compressor o3cosg Aloo -
1 RT (refrigerantion ton) = 3.517 kW

COP = (28x3.517) kW/25 kW = 3.9 [gd20p

COP 3.9 a0pbeomEaopbun adqupdi 3.0 Ganodadagé Lod$§Ea0p 3203C:m0m [4og
specification qpsgp20p5 min. COP 3.0 §aepd 0pd requirement 33653, 90056005[0320051

Standard chiller ratings gpsoopd ARI conditions (American Refrigeration Institute) saedlogé
:6[gd [ =a§e§geoo> machines gpsell capacity rating 320305 parameters gz 2005005
[039005n G parameters gqp:o3 ARI Standard 550, 560 and 590 qpzogE 228Ezen 200de(Y|

esd[g[Gs water chillers qp:s;crgrﬁ ARI conditions gpie 320050 2203¢&: [g6o0pd

Leaving Chilled Water Temperature 44°F

Evaporator Water Flow Rate 2 4 ppm/ton

Entering Condenser Water Temperature 85°F

Condenser Water Flow Rate (Electric) 3.0 gpm/ton

Condenser Water Flow Rate (Absorber) 161045 gpm'ton

Ambient Awr (for air-cooled) 95°F

Fouling Factor 0.00010 h*f**F/Bru (Evaporator)

0.00025 h*fi’*F/Btu (Condenser)

Table 2.1. ARI conditions for water chillers
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Methods of Selection

63305038 Gudgoonom Fgodypien guide 306$3, water chiller gp: egegudepogt odson:
£Eqf 90005

Cooling Capacity Water Chiller Type

Up to 25 tons (88 kW) Reciprocating

25 - 80 tons (88-280 kW) Reciprocating or Screw

80 - 200 tons (280-700 kW) Reciprocating, Screw or Centrifugal
200 - 800 tons (700-2800 kW) Screw or Centrifugal

Above 800 tons (above 2800 kW) Centrifugal

Table 2.2. Selection for water chillers
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Chapter 3

HVAC Pump

20dggeo pump $8§de) chilled water pump $& condenser pump o3fgdoopSi Type 3658
centrifugal pump gpsox 32094yo3q) vertical inline pump gpsen GE:o3el compact [yoeielo3E
space constraint §eoon marine and offshore $05005038 20R§ 3205:qproopdI GO 205
pump casing & saedlopE oopdde) pipe $& connect cwoqS pump @i inlet and outlet ¢
horizontal [gdoopSi Condenser o3¢ heat exchange cpdq$ 320305 33066000 cooling water o3
shipyard 920 omo$oneay §oopdi saonudelopEadeom cooling water system 205 HVAC
20305000 33260005 ©wPodS engine cooling system or other cooling systems gps3203050)
BmdeomaeloPp smcdmogod source 0od91 system ode esFomn [grodeomelops
[g62005

Fresh water cooling system [96dloo GG fresh water o3 sea water [9& [g§c0pd mpesd §
m20)4g00pdn Sea water 20pS fresh water coo’ temperature 888 cooe[opé [g9aopbi Befops

o)329§:038 chilled water pump saco3pEsoon oolyogniepd [gdoopdi coeomonep: gt
30p0p0E[gdoopdn Close loop system 830305000 [gdoopdn Chilled water o3 chiller ¢ AHU
59808508 chilled water pump wop§sd Gos o8 AHU qpro return o3&z [g8caooSi eepopS
ofecSismdsl 3990056fgcd rpBopS Gseuoopdl G& system o3 close system oGl oSS
qpeeonsyS primary pump oodadioon cdsedeay §oopdi VFD (variable frequency drive)
apiea system qpicgeom pump gdags agiag: copREdloopdn caoopoy sl 0oBegisd
56a0500p51 BearBopS: o8cs: fail [gBagl e5ac500Bs: §& cwoligs 2x100% com

50:a02 200d4g)qo0lgE stand-by pump oodcd:eom 3o[gond: Goopdi
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Materials

Centrifugal pumps qp:od bronze-fitted (or) iron-fitted construction gp:zee$s cPOdREEY

§oopdi 3200qepd liquid $& dBeogesend 3238: (parts) saedl goopde) material odegegiudecy,
§oopdn Bronze-fitted pump cogop€ impeller $& rear rings cogoopd bronze [gde) shaft 20pd
stainless steel (or) bronze [gdoopdi Casing oneoxy cast iron [gdoopbi Domestic water

applications co3¢neom) all bronze construction o3eaR8EAlkaodi

( Water fender

| Mechanical seal
Motor it

—--—-—_,_._'_\-
~ ( Impeller
Intermediate cover / i
\ ,/ Sealing ring
Pump ',:o'i'-' VBT = ISRy /£

(]

 , ]

Fig. 3.1. Vertical inline centrifugal pump
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Mechanical Seal

Rotating shaft oo pump casing 320303 oCameomelopE GEesepopt leak ofgdeant seal
62051 603 mechanical seal vpes] 000

shaft sleeve

Shaft sleeve 20p5 motor (a8) pump shaft 03 omoguS0oq§ 320305 239 [gdoopd

Wear Ring

Wear ring 2005 impeller (o) casing 03 g§:o0s0| 32306308 omagudeuigs a9 gliyde) gSson:
23030l 3209050007 ABEvLS 8E20p5

20005665(ydl items qpzoopd 2 years spare parts 22653 recommend codqE) @000 PPy

(800

Pump Operation

Motor 20p5 impeller o3copSucbeos) impeller rotation efoypé [ydedl coneoo energy aogb fluid

B8 eepod§ogn:aopdi adeoneol centrifugal force sasgE 8336600 esepqp:ad fluid o3
0383300001 Pump casing 20p5 fluid & velocity energy ¢ pressure energy ofgdad =a[g&eds

opse[gpCs agn§Caoph venan 0388Eeoqs design coSoomzoopd

Pump Type

Hydronic system o3¢ saaddy| es[o3eom centrifugal pump saqpseood single stage with single-
or double-inlet impeller sa§jgsaen: qpslgdo300051 Double-inlet impeller type pump gpzodeom

Gooo0y 3201y high flow application cogo3€ saaddyfor0005
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Centrifugal pump 0o6cd:03¢ volute (a3) diffuser casing Glo€oopbi Volute casings deooo pumps
62005 impeller © 6qod collect cpde] pump shaft $& coonCoSoyeaodl: eqod discharge

oS00 Diffuser casings dleoon pumps cogoneom eqed pump shaft $& 3aGE discharge

52001

OUTLET VELOCITY

Vais

MNLET FLOW
IMPELLER

BLADES

T OUTLET

Fig. 3.2. Impeller and volute interaction
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Fig. 3.3. Vertical in-line centrifugal pump

Pump performance curves

Centrifugal pumps qp:e‘ﬁ performance of) manufacturers eog&lg performance curves Gog‘?&oorJ
eedlyeny §oopd Fig.3.4 2005 density 1000kg/m3 §eoon eqza0g05 flows $& impeller diameters
2§pqp0d 2260 0z¢ 8266000 pump 6l Adle? ewdlgoonsoopdi Curve 20p5 standard tests gpso
q§loo[gs [gdaopd Variable flows sagjs§js 820305 constant speed ood9 360§ 08:000¢| gps

[109E 0045 Es [gd20p5
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Fig. 3.4. Typical pump performance curve
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Fig. 3.5. Typical pump curve
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Pump curves gpsoopd opoBeoon mcfgmecs 6ecdaRE 8&8:mne co0bonde| §eoon pumps
2Gp§jp0d 0620000 © q§cdeom average results gpod o3udSeddyoopdn Fig. 3.5 o3fo3addl
Flow qpsconaopd & saq discharge pressure 2005 ogeosconoopdi 03a3jg0 2005005000:6000

impeller size $& maximum flow 3203C:03€ flow requirements 30:%:3 motor operation o3 safe

[gdc0q§ 320305 overload ofybeogs motor o3 egzgudeny §aopdi

Pump characteristic curve cogod coddq) flat curve G steep curve vpq) $6§ Sfeps esdly
§Ec00:0000n Shut-off 3§ S pressure 20p5 best efficiency point S §eoon pressure i 1.10 to
1.20 3280 §dlon flat curve vpooodeod §Eao0pdi Flat characteristic curve sadjgeon:0? close
system op€ 2-way modulating control valve cogs& o3¢] 3203qgiecy §oaopdi GE: type 2005 flow
qP2anea0d00Rd: discharge pressure 2000 9393000000 ageoticong o§eon odelops variable
flow eogseog05 208eonda0pdn Steep characteristic curve sa§jpeeoni0deox cooling tower
393600 open system qp:og¢ 3209y §oopdi GE: type 2005 pressure gpzqpssE constant
flow 320305 20&eagpeomelops [gdaodi

p |
L~ L
M
w \
& \
FLAT
2 \
w
ol
| T B
-“-

= : \ ~~—
= i \

CAPACITY

Fig. 3.6. Flat and steep performance curves
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Hydronic system curves

Pipe line 0d0og¢ Bss0Csognseomn fluid & friction elopg [gdedlconeax pressure drop o3 Darcy-
Weisbach equation $& eod[g8Eo001

.
Ap = f=Zp—=
4 0 R Equation 1

Hydronic system (pipe, fittings and equipments) 0069 sa038:03¢ [gdedeoon pressure drop
2035 flow §8c0803§: (V2 or Q2) §& BS§S me8poqoop503 equation 1 038 cox88aosSi
cocdeog 66:a08qE5apioneom pressure drop 008 V1 58 V19 aloipiogs §eoo 00888 O
1000 5280y oo §oogS (o) Fig. 3.7 opSfgoomen parabolic curve 5 8 §ionbip
2oy 9| §oopd vpadoopdn  System design (number of terminals and flows, the fittings and

valves, mains pipe or branches pipe length cogmeox curve shape o3 elgpE:cdeoweom

268[gd05

[ I
DESIGN PRESSURE /1

SINGLE POINT
OF OPERATION /

/-

SYSTEM OR FRICTION PRESSURE

-/

//

o DESIGN FLOW —

SYSTEM FLOW

Fig. 3.7. Typical system curve
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Equation 1 o3 specific energy form s503€[g& esd[gdlon
Af LV?
Ah ==L ==
pg ~ D2g
.................................................................................... Equation 2
where

Ah = loss through friction, m (of fluid flowing)
Ap = pressure drop, Pa

p = fluid density, kg/m*

[ = friction factor, dimensionless

L = pipe length, m

D = inside diameter of pipe, m

V = fluid average velocity, m/s

¢ = gravitational acceleration, 9.8 m/s*

Fig. 3.7 20pd piping system design ood9opE given flow rate $& characteristics qpod

a00560:$EqS B=006om pressure o3 define cv520001 c3qiEeom flow 03 coodeusg§ 320305

system pressure oaé pipe friction, inside pipe surface roughness, actual fitting losses, actual

valve losses, fluid & viscosity alogpé [gbedleoon flow resistance, possible system effect losses

002 60R03 overcome [46d a3oodi

Pump Power

6qo3 system oB0R¢ cppdeopd GseoqS 330305 GuigEax ddlo? water power (Py) 036320053

2038 00580000

where
m = mass flow of fluid, kg/s

Ap = pressure increase, Pa

Equation 3
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Fig. 3.8 20p5 flow $& c80d¢] power 900503 030005 3o [yoonsoopdi
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= |
=
7 ~ g
o ~ =
o \ &
- =
E \\ Qo
O o
) POWER T
__.\\ L~
_.-"’I“-
-—-'-"-....‘—.
CAPACITY

Fig. 3.8. Typical pump water power increase with flow

Pump Efficiency

Pump efficiency 20p5 output power $C input power o3¢l sagjs [gdaopdi

P,
Efficiency = 294 _ " 1009

[nput P
........................................................ Equation 4

Pump manufacturer qp:ao08 designer qpisacgoSooy pump 0o8cdio? agrgESE8es 320909
pump curve edog€ given volute and impeller size o005 efficiencies 3298:03:03 plot
gevsconzoopdn  Fig. 3.9 o308l The best efficiency point (BEP) 20p5 pump 0odcdsci
optimum efficiency [9620001 GE: point &l 220005 (98) GINHEAH0RE §eox operation apd
9816000895 BEvaomicon
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I
EFFICIENCY

CURVES
|
120 |
85%
90 [ ( =
X
A

75%

[

TOTAL PRESSURE, kPa

60 ><
250 mm
30 q N
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CAPACITY, Lis
Fig. 3.9. Pump efficiency curves
Affinity Law

1. Flow (capacity) 20p5 rotating speed $& sadjso) 6lgpC:cd2005 (peripheral speed of impeller
REESREER )]

2. Pressure 205 rotating speed $6000 $& saqjpo) elgpEzd2001
3. Power 2005 rotating speed 035000 $& saqjpo) elgpCzada00i

Affinity law 2005 3a§js§jse000 rotating speed (o3) impeller diameter o30RE g§8Ee00> pump &

performance o3 o§08:epogC saa3:082000
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Table 1 Pump Affinity Laws

Function Speed Change Impeller Diameter Change
), = 0,2 ), (2
Flow LE:L["E QE:L['IT;
N2 D2
Pressure P2 = i) "-_] Px = Pl Hi
3 { """'_". ( ”2 3
Power ."’: = PI:‘.‘"‘T]! ."’: = PI:'EI

Darcy-Weisbach Equation

Pump head 0305q§ 320305 pressure drop calculation 90§ooodn Pipe line adopE 8:e0Cso30:6000

flid & friction elop& [gdedlconeoon pressure drop o Darcy-Weisbach equation $&
030508 E20p5 aB0m03 320005038 equation 1 32653 codly [Bigdoopdn

-
bt

Ap = f5p

S~

[

.......................................................................................... Equation 1
Pipe size ¢ flow rate o3 93§oos(Bs [gdgiE 0280382 a3 friction factor () ao00y8602320001

Friction factor oaé pipe roughness ¢, inside diameter D §8° parameter Re, Reynolds number

o3ai function 20962051

Re

[
>
°
-

............................................................................................. Equation 5

where

Re = Reynolds number, dimensionless
¢ = absolute roughness of pipe wall. m
Il = dynamic viscosity of flmd, Pa-s
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Friction factor o3 Moody Chart o3& Reynolds number $& parameter £/D o3ai function 82655,
oo€lyeng §oopdi 63300503¢ chart o3 (03050l

0.10
0.09
0.08 N\
P
Ml 0.05
007 =
4
k \ 00
0.06 5
\ L. Y 0.03
LT \
0.05 ‘ - .‘J~ (] — \
: 1 BN AT 0.02
\ \"\\;ﬁ.. h
LY. . -
SRR : 0015
KN IN — N\ FULLY ROUGH
0.04 \ e T LY Eq. (292) =)
RN I ] 0.010
- W S 0008 ¢
o« a ] - w
< ~ = 0.006 Z
5 003 MSNS — oy N (‘15?
-8 v N 4 Y 2
w \ i 0004 3
z 4,
o ™~ % S:J
g \ “"""ﬁ?r%qo N g
T v q R 0002 7
w INDS ‘57;,0 ux _|
w
\ RN N 4
0.02 I ~ < Y 0.0010
A
M " " 0.0008
Eq.(27) \ ~, e 0.0006
T — \
0015 SMOOTH PIPE N < 0.0004
’ Eqs. (282) and (28b) NN ] N
1 N 0.0002
TRANSITION T Ll NG = N
TURBULENT N ~ >
< LAMNAR | TECON r[ = o B . 5.00010
N T~ \\
N - - 0.00005
-
0.010 -
=y I
0.009 ~]
0.008 [Tt 0.00001
v* 2 3 5 0% 2 3 8 s 2 3 5 0 2 3 5 107 2 3 5 108

REYNOLDS NUMBER, Re

Fig. 3.10. Relationship between friction factor and Reynolds number

Turbulent flow regime 220305 3203208000 oofgp: equation ¢ Colebrook equation [gdaopd

L - 1.74—:1og[£+L".]
D ReJf

............................................................. Equation 6
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Equation 6 2005 limiting cases 603 cudgepagE 3¢ sad08a0pbi powd - €/D 2005 2900
a3qDind ogeamsesl (smooth limit) 65005 terms [§dod 18.7/Re [ a0pbon 328m

o3je0300p5 /D 20 99p0 Aqiond agoiafgligo Godmaogl: qodsnlgl copd sacgt eqpages
conaeloPE [gdoopdi Effective roughness oo§8:  (g) 03632005038 (o350l Fully rough limit
[48og2:0qi€e0x, €/D 00hraopb [geoaeph [48fG: ocow terms 2 €/D 038t G 92800 ayeoc
terms fySeocS§upSy

Colebrook equation o3¢ friction factor oo§8:00p5 equation eigdood oadize do€ eseom
elops iteration method $EqE:wom elyropbeocdGepdn Moody chart o3oon [0300¢) friction

factor o3qap 030550502 gpzaodi

Table 2. Effective Roughness of Conduit Surfaces

Material e, fit

Commercially smooth brass, lead, copper, or plastic pipe 0.000005
Steel and wrought iron 0.00015
Galvanized iron or steel 0.0005
Cast iron 0.00085

Valves and Fittings Losses

6§005000 valves and fittings cogelogpE [gbeox pressure drop o303058 c3000di g&odelopE
[gdedeom pressure losses 20p5 305 friction 200500056[opE [gdomcoad 3¢ gpzoopdi od
pressure loss 330305 6320054 equation 03 3200dye) 0g058§E2001

2 2

Ap = Kp(VT_) or Ah = K(?)
= CE et Equation 7

Where, K = geometry- and size-dependent loss coefficient (Tables 3 & 4)
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Table 3. K Factors - Threaded Pipe Fittings

Nominal 90°  90° Long- Swing Bell
Pipe Standard Radius 45° Return Tee- Tee- Globe Gate Angle Check  Mouth  Square Projected
Dia., mm Elbow Elbow Elbow Bend Line Branch Valve Valve Valve Valve Inlet Inlet Inlet
10 2.5 — 0.38 25 0.90 2.7 20 0.40 — 8.0 0.05 0.5 1.0
15 21 — 0.37 21 0.90 24 14 0.33 — 55 0.05 0.5 1.0
20 1.7 0.92 035 1.7 0.90 2.1 10 0.28 6.1 37 0.05 0.5 1.0
25 L5 0.78 0.34 L5 0.90 1.8 9 0.24 4.6 3.0 0.05 0.5 1.0
32 13 0.65 0.33 1.3 0.90 1.7 8.5 0.22 3.6 27 0.05 0.5 1.0
40 12 0.54 032 12 0.90 1.6 8 0.19 29 25 0.05 0.5 1.0
50 1.0 0.42 0.31 1.0 0.90 14 7 0.17 21 23 0.05 0.5 1.0
65 0.85 0.35 0.30 0.85 0.90 1.3 6.5 0.16 1.6 22 0.05 0.5 1.0
80 0.80 031 0.29 0.80 0.90 1.2 6 0.14 13 21 0.05 0.5 1.0
100 0.70 0.24 0.28 0.70 0.90 1.1 5.7 0.12 1.0 2.0 0.05 0.5 1.0

Source: Engineering Data Book (Hydraulic Institute 1979)

Table 4. K Factors - Flanged Welded Pipe Fittings

Nominal 920° 90° Long- 45° Long-  Return Return Swing
Pipe Standard  Radius Radius Bend Bend Long- Tee- Tee- Globe Gate Angle Check
Dia.. mm Elbow Elbow Elbow Standard  Radius Line Branch Valve Valve Valve Valve
25 0.43 0.41 0.22 0.43 0.43 0.26 1.0 13 — 4.8 2.0
32 0.41 0.37 0.22 041 0.38 0.25 0.95 12 S 37 2.0
40 0.40 0.35 0.21 0.40 0.35 0.23 0.90 10 — 3.0 2.0
50 0.38 0.30 0.20 0.38 0.30 0.20 0.84 9 0.34 2.5 2.0
65 0.35 0.28 0.19 0.35 0.27 0.18 0.79 8 0.27 2.3 2.0
80 0.34 0.25 0.18 0.34 0.25 0.17 0.76 7 0.22 2.2 2.0
100 0.31 0.22 018 0.31 0.22 0.15 0.70 6.5 0.1¢ 2.1 2.0
150 0.29 0.18 0.17 0.29 0.18 0.12 0.62 6 0.10 21 2.0
200 0.27 0.16 0.17 0.27 0.15 0.10 0.58 5.7 0.08 2.1 2.0
250 0.25 0.14 0.16 0.25 0.14 0.09 0.53 5.7 0.06 2.1 2.0
300 0.24 0.13 0.16 0.24 0.13 0.08 0.50 5.7 0.05 2.1 2.0

Sowrce: Engineering Data Book (Hydraulic Institute 1979).

Example for Pressure Drop Calculation for Pump Selection

Chilled water pump o3 selection cpSq§ 20305 system pressure drop o3 g8 0RoSqEd
qeoepdl 320005038 eud[yd 600 Darcy-Weisbach equation $& valves and fittings pressure
losses 6ogod ogodeupd [38a0p5 Close loop [§8008S 530305 supply o return pipes
oo8eagpod ogodeeusadi 63305038 03050 Pipe, fitting, valve onBogqli® 320305 ©fi0n:

0305050050000 Equipment (powd chiller) 220305 pressure drop o3 manufacturer &30

2001
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SUPPLY PIPE PRESSURE LOSS CALCULATION
System: Pipe size . Flow Rat93 Velocity | Length | Reynolds | Friction Valves & Loss
Ductwork Element (m”/hr) (m’/s) (m/s) (m) Number | factor Fittings Loss (Pa)
Dia (m) (Re) () Coeff. (K)
1 |Bellow 0.13 288 0.080 6.52 0.05 9534
2 |Elbow (90°) 0.13 288 0.080 6.52 0.18 3813.5
3 |Check Valve 0.13 28 0.080 6.52 2.00 42371.8
4 |Butterfly valve 0.13 28 0.080 .52 0.20 42372
5 |Taper (125x200) 0.20 288 0.080 2.55 0.37 1196.9
6 |Tee-branch 0.20 288 0.080 2.53 0.38 1875.0
7 |Pipe 0.20 288 0.080 2.55 0.90 749314 0.012 176.8
8 |Elbow (90°) 0.20 288 0.080 2.55 0.16 517.2
9 |Elbow (90°) 0.20 288 0.080 2.55 0.16 517.2
10 |Butterfly valve 0.20 288 0.080 2.55 0.20 646.5
11 |Taper (150x200) 0.20 288 0.080 2.55 0.19 614.6
12 |Bellow 0.15 288 0.080 4.52 0.05 459.8
13 |Elbow (90°) 0.15 288 0.080 4.52 0.18 1839.1
14 |Elbow (45%) 0.15 288 0.080 4.52 0.19 1941.2
15 |Evaporator 202958.0
16 |Bellow 0.15 288 0.080 4.52 0.05 459.8
17 |Elbow (90°) 0.15 288 0.080 4.52 0.18 1839.1
18 |Taper (150x250) 0.25 288 0.080 1.63 0.40 530.0
19 |Butterfly valve 0.25 288 0.080 1.63 0.20 264.8
20 |Pipe 0.25 288 0.080 1.63 1.00 599451 0.013 67.0
21 |Elbow (90°) 0.25 288 0.080 1.63 14 1854
22 |Tee-branch 0.25 288 0.080 1.63 53 701.8
23 |Pipe 0.20 230 0.064 2.03 1.40 598879 0.013 182.8
24 |Elbow (45°) 0.20 230 0.064 2.03 0.17 351.0
25 |Pipe 0.20 230 0.064 2.03 1.00 598879 0.013 130.5
26 |Elbow (45°%) 0.20 230 0.064 2.03 0.17 351.0
27 [Pipe 0.20 230 0.064 2.03 1.50 598879 0.013 195.8
28 |Elbow (45%) 0.20 230 0.064 2.03 0.17 351.0
29 |Elbow (45°) 0.20 230 0.064 2.03 0.17 351.0
30 |Pipe 0.20 230 0.064 2.03 9.50 598879 0.013 1240.2
31 |Elbow (90°) 0.20 230 0.064 2.03 0.16 3304
32 |Pipe 0.20 230 0.064 2.03 2.80 598879 0.013 365.5
33 |Elbow (90%) 0.20 230 0.064 2.03 0.16 3304
34 |Elbow (45°) 0.20 230 0.064 2.03 0.17 351.0
35 |Pipe 0.20 230 0.064 2.03 2.00 598879 0.013 261.1
36 |Tee-branch 0.20 197 0.055 1.74 0.58 877.9
37 |Elbow (90%) 0.20 197 0.055 1.74 0.16 242.2
38 |Pipe 0.20 197 0.055 1.74 3.30 512730 0.013 3246
39 |Elbow (15°%) 0.20 197 0.055 1.74 0.10 1514
40 |Elbow (15%) 0.20 197 0.055 1.74 0.10 151.4
41 |Pipe 0.20 197 0.055 1.74 0.90 512730 0.013 88.5
42 |Elbow (90°) 0.20 197 0.055 1.74 0.16 242.2
43 |Pipe 0.20 197 0.055 1.74 2.30 512730 0.013 226.3
44 |Elbow (90°) 0.20 197 0.055 1.74 0.16 2422
45 |Pipe 0.20 197 0.055 1.74 0.38 512730 0.013 36.9
46 |Elbow (907) 0.20 197 0.055 1.74 0.16 242.2
47 |Pipe 0.20 197 0.055 1.74 2.80 512730 0.013 2754
48 |Elbow (45%) 0.20 197 0.055 1.74 0.17 257.3
49 |Elbow (45°) 0.20 197 0.055 1.74 0.17 257.3
50 |Pipe 0.20 197 0.055 1.74 10.50 512730 0.013 1032.9
51 |Elbow (90°) 0.20 99 0.027 0.87 0.18 68.1
52 |Pipe 0.20 197 0.055 1.74 1.00 512730 0.013 98.4
53 |Elbow (90°) 0.20 197 0.055 1.74 0.18 2725
54 |Pipe 0.20 197 0.055 1.74 3.50 512730 0.013 3443
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55 |Elbow (90%) 0.20 197 0.055 1,74 0.18 2725
56 |Pipe 0.20 197 0.055 1.74 7.60 512730 0.013 747.6
57 |Tee-branch 0.20 197 0.055 1.74 0.58 877.9
58 |Pipe 0.15 99 0.027 1.55 2.60 341820 0.014 289.9
59 |Elbow (90°) 0.15 99 0.027 1.55 0.18 215.3
60 |Pipe 0.15 99 0.027 1.55 1.00 341820 0.014 111.5
61 [Elbow (90°) 0.15 99 0.027 1.55 0.18 215.3
62 |Pipe 0.15 99 0.027 1.55 0.65 341820 0.014 72.5
63 |Elbow (90°) 0.15 99 0.027 1.55 0.18 2153
64 |Globe Valve 0.15 99 0.027 1.55 6.00 7175.7
65 |Tee-branch 0.15 99 0.027 1.55 0.62 741.5
66 |Elbow (90°) 0.15 99 0.027 1.55 0.18 215.3
67 [Pipe 0.15 99 0.027 1.55 3.90 341820 0.014 4349
68 |Elbow (90°) 0.15 929 0.027 1.55 0.18 215.3
69 |Elbow (90°) 0.15 99 0.027 1.55 0.18 215.3
70 |Pipe 0.15 99 0.027 1.55 1.40 341820 0.014 156.1
71 |Tee-branch 0.15 99 0.027 1.55 0.62 741.5
72 |Pipe 0.075 49 0.014 3.10 0.40 341820 0.014 356.8
73 |Elbow (90%) 0.075 49 0.014 3.10 0.27 1291.6
74 |Elbow (907) 0.075 49 0.014 3.10 0.27 1291.6
75 [Cooling Coil 44190.0

Total (Supply Pipe) 338433.1
Total 338433
Head Loss. m 34.5
RETURN PIPE PRESSURE LOSS C -\L(‘[’L:\T]g
Svstem: Pipe size - Flow Rate’ Velocity | Length | Reynolds |Friction Valves & Loss
Ductwork Element (m™/hr) (m’/s) (m/s) (m) Number | factor Fittings Loss (Pa)
Dia (m) (Re) H Coeff. (K)

76 |Elbow (90°) 0.075 49 0.014 3.10 0.27 1291.6
77 |Pipe 0.075 49 0.014 3.10 0.30 341820 0.014 267.6
78 |Elbow (90°) 0.075 49 0.014 3.10 0.27 1291.6
79 |Pipe 0.075 49 0.014 3.10 0.19 341820 0.014 169.5
80 |Elbow (90°) 0.075 49 0.014 3.10 0.27 1291.6
81 |Tee-branch 0.15 99 0.027 1.55 0.62 741.5
82 |Pipe 0.15 99 0.027 1.55 3.70 341820 0.014 412.6
3 |Elbow (90°) 0.15 99 0.027 1.55 0.18 2153
84 |Butterfly valve 0.15 99 0.027 1.55 0.20 239.2
85 [Balancing Valve 0.15 99 0.027 1.55 6.00 7175.7
86 [3-way valve 800.0
87 |Elbow (90°) 0.15 99 0.027 1.55 0.18 2153
88 [Pipe 0.15 99 0.027 1.55 1.70 341820 0.014 189.6
89 [Elbow (90°) 0.15 99 0.027 1.55 0.18 215.3
90 |Pipe 0.15 99 0.027 1.55 1.30 341820 0.014 145.0
91 |Elbow (90°) 0.15 99 0.027 1.55 0.18 2153
92 |Tee-branch 0.20 197 0.055 1.74 0.58 877.9
93 |Elbow (90°) 0.20 197 0.055 1.74 0.18 2725
94 [Pipe 0.20 197 0.055 1.7 3.20 512730 0.013 3148
95 |Elbow (45°) 0.20 197 0.055 1.74 0.17 257.3
96 |Pipe 0.20 197 0.055 1.74 0.30 512730 0.013 29.5
97 |Elbow (45°) 0.20 197 0.055 1.74 0.17 257.3
98 |Pipe 0.20 197 0.055 1.74 10.80 512730 0.013 1062.4
99 |Elbow (45°) 0.20 197 0.055 1.74 0.17 257.3
100 |Elbow (45°) 0.20 197 0.055 1.74 0.17 257.3
101 [Pipe 0.20 197 0.055 1.74 2.40 512730 0.013 236.1
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102 |Elbow (90°) 0.20 197 0.055 1.74 0.18 272.5
103 |Elbow (90%) 0.20 197 0.055 1.74 0.18 272.5
104 |Pipe 0.20 197 0.055 1.74 2.70 512730 0.013 265.6
105 |Elbow (907) 0.20 197 0.055 1.74 0.18 2725
106 |Elbow (90%) 0.20 197 0.055 1.74 0.18 272.5
107 |Tee-branch 0.20 197 0.055 1.74 0.58 877.9
108 |Pipe 0.25 280 0.078 1.58 2.50 582794 0.013 159.0
109 [Elbow (907) 0.25 288 0.080 1.63 0.14 185.4
110 |Elbow (90%) 0.25 288 0.080 1.63 0.14 185.4
111 |Pipe 0.25 280 0.078 1.58 9.30 582794 0.013 591.5
112 |Elbow (45%) 0.25 280 0.078 1.58 0.17 212.8
113 |Pipe 0.25 280 0.078 1.58 0.40 582794 0.013 254
114 |Elbow (45%) 0.25 280 0.078 1.58 0.17 212.8
115 |Pipe 0.25 280 0.078 1.58 1.80 582794 0.013 114.5
116 [Elbow (90°) 0.25 288 0.080 1.63 0.14 185.4
117 |Pipe 0.25 280 0.078 1.58 2.50 582794 0.013 159.0
118 |Elbow (907) 0.25 288 0.080 1.63 0.14 185.4
119 [Elbow (907) 0.25 288 0.080 1.63 0.14 185.4
120 |Pipe 0.25 280 0.078 1.58 11.00 582794 0.013 699.7
121 [Elbow (90%) 0.25 288 0.080 1.63 0.14 185.4
122 |Pipe 0.25 280 0.078 1.58 3.60 582794 0.013 229.0
123 |Tee-branch 0.25 288 0.080 1.63 0.53 701.8
124 |Elbow (90%) 0.25 288 0.080 1.63 0.14 185.4
125 |Pipe 0.25 280 0.078 1.58 0.70 582794 0.013 44.5
126 |Butterfly valve 0.13 288 0.080 6.52 0.20 4237.2
127 |Taper (150x250) 0.25 288 0.080 1.63 0.40 530.0
128 |Elbow (907) 0.15 288 0.080 4.52 0.18 1839.1
129 |Bellow 0.15 288§ 0.080 4.52 0.05 459.8
Total (Return Pipe) 32445.9
Total (Supply Pipe) 338433.1
Total (Whole System) 370879.0
Head Loss, m 37.8
The capacity of selected pump is 40 m Head
Therefore, the selected pump is suitable for the system.
Note :
fa) Revnolds Number, Re = pVD/ 1
(b) Pressure Drop Equations dernved from ASHRAE Fundamental 2001 :-
Pipe Pressure Loss - Ap = { (L/D) (PV?/2) - Darev-Weisbach Equation
Valves & Fiftings Pressure Loss :- Ap =K p(V32)
where,
Ap = pressure drop. Pa
f = friction factor, dimensionless (from Moody chart, Figure 13 in Chapter 2. ASHRAE)
L = length of pipe, m
D = internal diameter of pipe, m
P = water density at 38°C, 998 kg/m®
v = average velocity. mv/s
K = geometry- and size-dependent loss coeefficient (Tables 1 through 5 in Chapter 35, ASHRAE)
H = dynamic viscosity of water, 38°C. 0.678 x IO'Skg-'m.i
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2200053 equation 030305q$ pipe size 2005 23[G:000: [4d20p50p vpsoad Chilled water P&ID
og8 pipe size 3l 0>83oopS: suggest coBAon modeling caScSeff [gBoopSt Water flow meom
AHU 3598:03: 200305 9000600005 c8oncd a0 a8(Gs [4oopdn ARI rating 32 chilled water
flow 2.4 gpm per ton [9g) cooling water 320305 3 gpm per ton [9doopSi Capacity (kW)
3006005 cdodud edom cooling load ogedodon qoos(G: [ydoopdn AHU manufacturer $&
08§ 0803088800051 Ssabaomn capacity §& cooling coil size opSfiow rate 990305
080038 s807 68 cooling coil datasheet 0gBaopd: GopBoopSi 805638 68 2 m/s cooSypieas
sizing ecodlojeon

2060moyE:on modeling cpdo’ cpdeoopdi [40§E0g equipments cogi dodeogr cable coy
22078 3D modelling coSqopdn Clash check vpeslaao oofgp: disciplines cogss install 6600
248 ofeogs 30030505008 §E:002:8Ea0001 3D modelling ¢ working drawing (autocad)

convert codfgs install p6q$ 220305 drawing Aloodsloopds §aodi

530005] own calculation o8 safety factor o3 saady vooxeon Hefemiss 10% eaoacSeon
5p5iad: apecy Q300051 0gadg qo20m 38m G058 Ggioorear pump G head oopS
40m [g8o0pS 320305 32605560us risk §aooS 936a5c0S: G& 0§0oES GomEieoNEises 5§
desired condition 22038 250p0OAES §oopdn  Undersize [9deognsdoh  gpseoonsiyd
8:868056o38 safety factor oaom ooSfo3 oofs8 cwoSeogapd oversized pump Gogad
60gqE0ooRl

Head loss o8e8607 cpo5ae6oad, pump curve o3{o3oS: 030Sc3q8oma :ofiodad: [§deom
system 330905 sac08eaqed: [36eam pump oobaded egrqeS 888 [3BoopSt em0Sogs
eodlgooneam pump curve o€ flow rate soesd 328:0690: 300m3/h o3¢ head 20pd 40m
§oopd 200305 egiqudes coGeagPeooopdi Efficiency 20pdcopd: 77% 6aon0d§o3 330305
G0m8:000503 3qeadl
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300m3/h 2005 US GPM (gallon per minute) 1320 caona5§o3 820305 power curve 0gEfogpddlon

42 (or) 43 kW eaonod§oopdi Impeller diameter ooeox 320mm §oopdi Calculation o3g$[e3ed

0pdaBaqC impeller power (or) water power 630305q$ equation 3 03 o3:qeoedI

PW =mAp/p

m = pQ
40m o3 Pa (N/m2) a3e[yp&sdlon 392.2 kPa goopdi

PW =QAp =300/3600m3/sx392.2kN /m2 = 32.68kW

Efficiency 77% copSogoddlon 32.68/0.77 = 42.4 kW q§lepdn GEo0pd pump §, absorb power

[§620051 Motor §, ddleneo, Sloond Sgpsoopdi

6am0d0pE eedlyooniearn manufacturer §, envelope o3(o3pSdlon 40m head $& 300m3/h
320905 available [gdeoo pump series o 125/33 axfgdoaopdi 125 ¢> pump e discharge size in
mm [90g] 33 ooeoxy impeller §, diameter in cm [gd00pdn ssedlopé q§deax pump curve
cogae) impeller diameter 320mm (32cm) 20p5 cdeanodes(§ [gdeoodopds available [gdeood

pump type (or) pump series 3000 egegiudqEuaopdI

60Hz oo 50Hz cod: adoxnmneomy o30S vessel §, power supply 2260l ©oopde) GgEgESaS
[§920p51 RPM 3265500607 3 Phase 320305 1750 rpm 2005 32008e0qHeds [gda0pdi
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Chapter 4

Expansion Tank

Expansion vessel qp:o% close loop for heating or cooling system sgogoS o{xoaéu Expansion
vessel gp:20p5 Geel cocopd o3gs eaqpgls qpod Bs:pdeoGe system pressure o3 maintain
0066020201

The water
connection thread
Is not coated
which gives it a
better grip.

The diaphragm

Is rolied on and
offand is thus £
never stretched.
Thishas a
significant

Iimpact on its
service life.

The nitrogen valve
of Flexcon 8 - 80
iitre vessels Is
sunk and cannot
be damaged due
to the cap and
extra protective
plate.

Fig.4.1. Diaphragm type expansion vessel
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Cooling System

System G3xe560m:al Gqel cooda0Rd  ofj,og0[gE expansion vessel 2000 gésel
2038:09€ §eseo0 6ae3 system 2003E:a3 [g$3a0sq) system pressure 03 038:038:c0s0005

System qbogeomzedl eael :0q$05 oofgdiypS:q: ambient temperature $& sa0n0p
[g6330+ GocBGept gonoopSt sog cagl apeopSoopSeog oiconangs cBandl vessel oS
oBioneon water volume o3 vessel 32038:08 980n cuicondglisE system pressure o3
8822882020005

pow> diaphragm type vessel 320000000038 vessel 320385 diaphragm &g $68E:3[gp:
coni00p51 63005880055 nitrogen [5pS00nig 32608800007 6qo888o0gdl System o8
aqop00pS oo eerds6d0n G diaphragm oo 3268 BogSsdj vessel 53098:§ diaphragm
26l §8:0p8 fogeo eqop system 32038:08 [gpGeocopin Bepbiop system cp8 eqopoopd
Qcondlon diaphragm 263220568 &8¢ 3208881038 equEaneeff vessel 32038:98 6qod oSan
co0:00001 Pressure rise 8aqdiqpzcondlon (pressure set point cogdaondlon) safety valve 2095

Saneam 6qr3 00050deRd [gboopdi Safety valve 0ode0E00:003 Fig. 4.3 03¢ (03050

Calculation for Cooling System

Expansion vessel 0060320305 c82206000 volume 03 codgodes (a3) sizing codgssaogod
633053 30g05¢p203 9B0o:d c3oopdi

1. System 2003858 cqEl cpo0Rd
2. Glycol AloCe| ep§Csis
3. 3288ad: temperature

4. System E] 39[38@9 temperature (highest ambient temperature)
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5. Static height of the system above the vessel
6. Maximum working pressure

Expansion vessel @l initial pressure o3 static height of the system above the vessel $& match

[36c068 egqSe0tqo0pd 6320050l eedlganad lowest operating pressure 3 filled level (filled
content) 03 005gi05q$ 8a0d:{go0pdN
Filled level = (lowest operating pressure - initial pressure) / lowest operating pressure

Residual factor = 1-filled level

End pressure (23) final pressure 20p5 safety valve ¢ set pressure coo’ 0.5 bar $05:qepdn poed

safety valve o€ 3 bar set pressure §dloo system &l final pressure 20pd 2.5 bar maximum
36905

Output (efficiency) = [(end pressure - lowest operating pressure) / end pressure] X residual

factor

Note:

* pressure in bar absolute

* temperature in vessel must remain above -10°C

Example for Vessel Sizing

Water content - 1000 lit
Normal water ax0[gde] glycol cepoodggtzed

Lowest temperature +4°C
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Highest ambient temperature +30°C

Percentage of volume increase @ +30°C is 0.43% (table 1 o3€[o3p50l)

Static height 4m

Initial pressure 0.5 bar

Lowest operating pressure 1 bar

Blow-off pressure of safety valve 3 bar

Final pressure (end pressure) 2.5 bar

Calculation

Filled content = (lowest operating pressure - initial pressure) / lowest operating pressure
Filled content = [(1+1)-(1+0.5)] / (1+1) = 0.25

Absolute pressure [gdeoq§ atmospheric pressure 1 bar cOlE[gEs [gd205

Residual factor = 1 - Filled content = 1 - 0.25 = 0.75

Efficiency = [(end pressure - lowest operating pressure) / end pressure] x residual factor
Efficiency = [(1+2.5) - (1+0.5) / (1+2.5)] x 0.75 = 0.32

The expansion factor @ +30°C is 0.43%, 1000 lit x 0.0043 = 4.3 lit

Required gross contents of the expansion vessel = 4.3/0.32 = 13.4 Lit

aBe5005 328:0090: available (4603 expansion vessel a3egqoS 3203y §500° c8eor0005
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Expansion vessel qpsoopd eqs glycol eepoonseom system qp:opl 3203 8E20001 Glycol
Olo€e| sa§pme0n: 6Oleonode) eqel cpooRd o%cnea GLORLY C§RgPId GINOSA
@o:a3¢ [o3p5dl

Expansion coefficient of water with and without added anti-freeze
Temperature Percentage of glycol
[°c]
0% 10% 20% 30% 40% 50%
10 0.04 0.35 0.67 0.89 1.31 1.63
20 0.18 0.50 0.82 1.04 1.46 1.78
30 0.43 0.75 1.07 1.29 1.71 2.03
40 0.79 1.11 143 1.65 2.07 2.39
50 1.21 1.53 1.85 2.07 2.49 2.8
1.71 2.03 2.35 2.57 2.99 3.3
70 2.25 2.60 2.92 314 3.56 3.88
80 2.89 3.22 3.54 3.76 418 452
90 3.58 39 4.23 4.45 4.87 5.19
100 4.35 4.63 4.95 517 5.59 5.90
6 //
: /
= /
=, A
2 7
m
3 /
E 3 4
o
g
=) 2 Vd
= L~
1,34 /
| L ..#" !
0,78 064 rff - ;":f/
0.44 - — .
0,25
0,13 R
-40 -30 -20 -0 o 10 20 70

Temperature [*C]

Fig.4.2. Volume increase (%)
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Heating System

System water capacity 8300p0en system oodoad: (entire system) opE§eoom heat source,

radiators, pipe work, 0oolg soep IM:di0RE eseomn egel total volume o 3ada0bi
Expansion volume 030305005 a8aq€

Expansion volume = water capacity x increase in volume at average heating temperature

BA - heating temperature 90/70°C §dloo average temperature 20p5 80°C [9d¢] expand

[gdag0:0p5 volume 2005 2.89% (for pure water) [g620p51 32000503€ G6dlyoonieoon @3
[o350N

a00dcpdoggpian  central heating system 330305 safety factor 25% 0pd recommend

cvd[3o0p5 Gross capacity of vessel 320305 6320050] 3203E: 3052000
Gross capacity of vessel = (expansion volume x 1.25) /output
Output = (end pressure - initial pressure) / end pressure

Note: pressure 2095 absolute pressure fgbgub

- Vessel volume a820p5¢0 expansion vessel §, total capacity o eel 20pd

- Vessel efficiency e3o0pden vessel adopE copdoom8€epd maximum amount of expansion

water ool 20pd

- Static height 83200560 system @il 33g&ad: point $& expansion vessel [o3r:03E §eom =ofyCod
water column meter $& o3&:0m o] 00$3:03 el aodi
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T4

£10m

ell—

[Ty s TINTR: 547_

Pre-charge pressure 0.5 bar Pre-charge pressure 1.0 bar

Fig.4.3. Pre-charge pressure depending on the static height

Example

- Water capacity = 340 Lit

- Average heating temperature = 70/90°C = 80°C
- System height = 8m

- End pressure = 3 bar
Calculation

Increase in volume in % = 2.89%

Expansion volume = 340x2.89/100=9.86 Lit
Safety factor 25% taken, 9.86x1.25 = 12.4 Lit
Output = [(1+3)-(1+0.5)] / (1+3) = 0.63

Required gross capacity of expansion vessel = 12.4/0.63 = 19.7 Lit
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63305038 Gudlgoonseom table a0pd sa§je§jgeoon initial pressure $& end pressure 03320305
output (efficiency) qpzod 0068lonpd: 0303:88qS 320305 Googl: [gBoopdi Margin ssess,
initial $C end pressure o€ sasp:ed: 1.5 bar opg§ 000dEopypie  recommend
cobeonf3oogty

Static height Initial pressure End pressure
[m] [bar] [bar]
3 6 8 10

5 0.5 0.63 - - -
10 0.50 0.71 = =
15 15 0.38 0.64 0.72 -
20 2 0.25 0.57 0.67 =
25 25 0.13 0.50 0.61 0.68
30 3 = 0.43 0.56 0.64
35 35 - 0.36 0.50 0.59
40 4 = 0.29 0.44 0.55
45 45 - 0.21 0.39 0.50
50 5 = = 0.33 0.45
55 5.5 - - 0.28 0.41
60 6 = = 0.22 0.36
65 6.5 - - 0.17 0.32
70 7 = = = 0.27
75 7.5 - - - 0.23
80 8 = - = 0.18

Fig.4.3. Connection set (manometer set)
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2200053 (205 expansion vessel 20305 accesories (4620051 63MHEGHM vessel $& connect
c06e8 [90g) pwadon shut-off valve §& port 2005 fill/drain 320305962005 @g,00050005 ¢
port 2005 satety valve $& connect cpog§ (96205 38 qE:culign so0pd Goqf install
cobccnianon o S

Safety valve oconeoon pipe 20p0 pressure set point o3 system pressure cogbogs ogosdlon
6q03 G&:B050 release pdodE [gboopd Fill/drain valve ooeox, water top up cpdeo 38lope
GC1 drain cpgCeom a8logt G 32004g00pd

Fig.4.3. Expansion tank installation
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Chapter 5

Chemical Dosing Pot

Chemical dosing pot o3 chilled water system o3¢ glycol Gepegoq$ 320305 3ad3{go0pdN
Material 3365& mild steel Gox stainless steel dl saaddgoopdn Owner §, requirement saedl
02520051 HVAC system 320305 stainless steel o[gdocs ocdsadbeon Water pipe 6o 0305300
stainless steel cwrodeaMeoPE [gdoopdn Pot capacity saes3 50 lit Gauodon GooopLy
ofpaogd segpradieacnod [§8oopS me000Selops $8ea5 pot (tank) size o speeuld:
oamalois [§8o0p5 000558035 eepcd sBomon Smeeqtieucosdi puwd - glycol 30 it
eepaepd Baq€ 6 lit capacity §eox pot (tank) o8 s2addu] § [036 system s2038:03 c0p886
oopdi Standard saesd 3.5, 6, 11, 18, 25, 35, 40, 50 lit 020[y& cpodapSlogoopdi Maximum

working pressure 4, 5, 8, 10 bar 020[g& §o300051 Manufacturer 0o66u30058 0odeucd 60N
0B §Caol

Tundish
.'x"m._, ..-’"). B
A Twr .
Fill Valve fo—— o s
" 4" BSP
1" BSP = /
[ o o | C
~ || Return Valve
- 1" BSP

[
e

D
Drain Valve Flow Valve
1" ?SP = {"BSp

Fig.5.1. Chemical dosing pot
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20000050 6330053 2203Edgd0pdI
1. Isolation cpSqiCag€ Al§eoon valves 6oy 20§85 (air vent 2dl3208)
2. Drain (or) cleaning cooqi€aqiE valve "A" $& "E" o3& og§0m 30075805

3. Charging co6gIEaqi€ valve "E" o33051 chemical (glycol) 0® oncomeeaxnEicond valve "A"
QOgIeay 9

©00s08 tank 320998 oCeepodognicdiepd
4. Air vent 9oneog 6roedesnt 00c5udd a30005
5. System =2203E:03 dosing cpoq§ 320305 valve "C" $& "D" 03 33[ypS ¢&dl

6. Dosing cpO[Bedlon valve "C" $& "D" 03 8addl

Fig.5.2. 50 Lit chemical dosing pot
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Fig.5.3. 50 Lit Chemical dosing pot installation
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Chapter 6
Glycol Solution

Glycol solution o3 HVAC $05005 ogeom antifreeze application 220305 320%3g[03020 gp:ooRdi
Corrosion control 820305005 saaddy| $Eeaoso0pdi Ethylene glycol & propylene glycol vpq)
$0§§ep Ethylene glycol oo eadqgecy §oopdi 3000830005 $& 2005005002600
30 30038000 300y [§Sgdo0pdn Ethylene glycol 20pd propylene glycol cooS 38
comigSeam physical properties qps§[gCielopE low temperature application qp:opE gpsgo
m00ddq| [0300p51 Propylene glycol 2005 toxic [96¢| 22683 [0300000n ethylene glycol 0053
$05:0ko0[yE psE Beay, AwOeeEqEa application g0zt 3e) co&eagHeoopdi

Ethylene Propylene

Property Glycol Glycol
Relative molecular mass 62.07 76.10
Density at 20°C, kg/m? 1113 1036
Boiling point, °C

at 101.3 kPa 198 187

at 6.67 kPa 123 116

at 1.33 kPa 89 85
Vapor pressure at 20°C, Pa 6.7 0.3
Freezing point, °C —-12.7 Sets to glass
Viscosity, mPa-s below —51°C

at 0°C 574 243

at 20°C 209 60.5

at 40°C 9.5 18.0
Refractive index np at 20°C 1.4319 1.4329
Specific heat at 20°C, kJ/(kg-K) 2.347 2.481
Heat of fusion at —12.7°C, kl/kg 187 —
Heat of vaporization at 101.3 kPa, kl/kg 846 688
Heat of combustion at 20°C, MJ/kg 19.246 23.969

Table 6.1. Physical properties of ethylene glycol and propylene glycol

Bsd§p 0cdo0pd seepCod =do§eorn liquid sa§pmeen: qpiydeq eq (a3) oofgreom
chemical componds qp:s& GomEign eepod§Eaopdi Ethylene glycol o8 mass s 60%
2000566poddlon solutions gp:d, freezing point o3 [g€ooa5eoa0001 Propylene glycol o3 mass
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ag9& 60% s0005eepoddon freezing point o§eomd G& propylene solutions 20pd glass
mlgoBe(ypEiaznicocdedi

Percent Ethylene Glycol

Freezing Point, Boiling Point,

By Mass By Volume C °C at 100.7 kPa
0.0 0.0 0.0 100.0
5.0 44 -1.4 100.6

10.0 8.9 -32 101.1
15.0 13.6 5.4 101.7
20.0 18.1 -7.8 102.2
21.0 19.2 —8.4 102.2
22.0 20.1 -8.9 102.2
23.0 21.0 -9.5 102.8
24.0 220 -10.2 102.8
25.0 229 -10.7 103.3
26.0 239 -114 103.3
27.0 248 -12.0 103.3
28.0 25.8 -12.7 103.9
20.0 26.7 —-13.3 103.9
30.0 217 -14.1 104.4
31.0 28.7 —-14.8 104.4
32.0 29.6 -154 104.4
33.0 30.6 -16.2 104.4
34.0 3Le -17.0 104.4
35.0 326 -179 105.0
36.0 335 -18.6 105.0
37.0 345 -194 105.0
38.0 355 -20.3 105.0
39.0 36.5 -21.3 105.0
40.0 315 -22.3 105.6
41.0 385 -23.2 105.6
42.0 39.5 -24.3 105.6
43.0 40.5 -25.3 106.1
44.0 41.5 -20.4 106.1
45.0 425 -27.5 106.7
46.0 435 —-28.8 106.7
47.0 44.5 -29.8 106.7
48.0 455 -31.1 106.7
49.0 46.6 -32.6 106.7
50.0 47.6 -33.8 107.2
51.0 48.6 -35.1 107.2
52.0 49.6 -36.4 107.2
53.0 50.6 -379 107.8
54.0 S5Le -39.3 107.8
55.0 527 —-41.1 108.3
56.0 537 —42.6 108.3
57.0 547 —44.2 108.9
58.0 55.7 —45.6 108.9
59.0 56.8 —47.1 109.4
60.0 57.8 —48.3 110.0
65.0 62.8 a 112.8
70.0 68.3 a 116.7
75.0 73.6 a 120.0
80.0 78.9 -46.8 123.9
85.0 843 -36.9 133.9
90.0 89.7 -29.8 140.6
95.0 05.0 -194 158.3

“Freezing points are below —50°C.

Table 6.2. Freezing and boiling points of aqueous solutions of ethylene glycol
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Percent Propylene Glycol

Freezing Point,  Boiling Point,

By Mass By Volume C “C at 100.7 kPa
0.0 0.0 0.0 100.0
5.0 4.8 -1.6 100.0

10.0 0.6 -33 100.0
15.0 14.5 -5.1 100.0
20.0 19.4 -7.1 100.6
21.0 20.4 1.6 100.6
220 21.4 -8.0 100.6
23.0 224 -8.6 100.6
24.0 234 -9.1 100.6
25.0 244 -9.6 101.1
26.0 253 -10.2 101.1
27.0 26.4 -10.8 101.1
28.0 274 —11.4 101.7
29.0 284 -12.0 101.7
30.0 204 -12.7 102.2
31.0 30.4 -13.4 102.2
32.0 314 -14.1 102.2
33.0 324 -14.8 102.2
34.0 33.5 -15.6 102.2
35.0 344 -16.4 102.8
36.0 355 -17.3 102.8
37.0 36.5 -18.2 102.8
38.0 37.5 -19.1 103.3
39.0 38.5 -20.1 103.3
40.0 39.6 -21.1 103.9
41.0 40.6 -22.1 103.9
42.0 41.6 -23.2 103.9
43.0 42.6 —243 103.9
44.0 437 -255 103.9
45.0 44.7 -26.7 104.4
46.0 457 =279 104.4
47.0 46.8 -29.3 104.4
48.0 47.8 -30.6 105.0
49.0 48.9 -32.1 105.0
50.0 49.9 -335 105.6
51.0 50.9 -35.0 105.6
52.0 51.9 -36.6 105.6
53.0 53.0 —38.2 106.1
54.0 54.0 -39.8 106.1
55.0 55.0 —41.6 106.1
56.0 56.0 —433 106.1
57.0 57.0 —45.2 106.7
58.0 58.0 —47.1 106.7
59.0 59.0 —49.0 106.7
60.0 60.0 —51.1 107.2
65.0 65.0 a 108.3
70.0 70.0 a 110.0
75.0 75.0 a 113.9
80.0 80.0 a 118.3
85.0 85.0 a 125.0
90.0 90.0 a 13222
95.0 95.0 a 1544

*Above 60% by mass, solutions do not freeze but become a glass.

Table 6.3. Freezing and boiling points of aqueous solutions of propylene glycol
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Glycol concentration egegudejo0pd =aaddgepd application 3aedlogé ©oopSoopdn HVAC
$0500503C  vessel operation c¥Owpd esepaoRd Gl § -10°C, -20°C owo[gd
§oopd320305 chilled water (or) cooling water pipes gp:o0gC §eseom 6q Seogicogs glycol
mixture o3 sa03dqEu00pdl G&ieq 03050n QPRSI 9uSHY [goSagioncd sBom BBy
8o eeonbiogliogs chiller cenSioep ©cSeo0bopd: 805c3&iel 08§, csepeozosd
outdoor (expose to weather) o3€§esclon glycol mixture cdaopbi odee0n GaonlsaptiogE AHU
:038:93 08aneom eroapd powd -20°C $& vEaxdm GEervaopd cooling coil A3fgodean
28 2ptiopl Jescoon eqod Sogeooopdi o 3005 30% ethylene glycol (a3) 35%
propylene glycol 2005 eepodes cofeagPeom saqpesonivy ASHRAE 2001 Handbook
o€aB0onza0pdi Bealyé =2addl low temperature condition o3¢ fluid o3 entirely liquid 83653

2§ §eseo c3do aBude§esioo:ol :28G690: temperature cood freezing point 3°C 8§e00
concentration 03 6g:guS 20&a0p50p coRd: 83aopd

320005038 8332008 ethylene glycol 030 =aadiyfo3o0p53 table.6 opEfogpdd -20°C opé

§eon oefgmes 320305 0poood freezing point 3°C §6eo0n ethylene glycol concentration
Begiqudes 17°C freezing point § 34% (mass =agE) 98,00p05 31.6% (volume sa0dgE)
Gepe§D 208602001

eamodd graph 2005 eqsC ethylene glycol sseepseesd = 03300305 330008

60 c305¢) 0000pd 03:0000| A3[goo:a0pdi B3Si0mm§: 00§ :gproopd GudoRLy oE3:gp: (984
Hoechst for Antifrogen N e300 documentation eguaconsgEs [gdaopdi
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Fig. 6.1. Volume increase (%)

Volume increase of pure water in %

0.00%
0.04%
0.08%
0.18%
0.29%
0.43%
0.60%
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Chapter 7
HVAC Valves

Valves

Valve ¢ogq), primary function 6ogo3 63:0053l3203E: a[03d:qiC: epdaopdi
e Starting, stopping and directing flow
e Regulating, controlling and throttling flow
e Preventing back flow

e Relieving or regulating pressure
Valve 6og03 weg:qudet 6320053 service condition 6og03 copdagts od:e:dad0005i
1. Type of liquid, vapour or gas

e  Fluid 2005200530008 solid material Gogeo oo

e Process 0690w fluid 326550 §encone eqegy 9| foco:

* 03050m2g| (corrosive o erosive) [§0$E03 fluid coos
2. Pressure and temperature

o B3z (a)m0]S efypCacde) §$Ea0con:

* Valve material 036gs0338l worst case (maximum or minimum) o3 of:o2:d 8o
3. Flow consideration

e Pressure drop oo critical coos

 Maximum wear 220305 valve design o3egsqiudecons

o < shutoff sa0g05c00s throttling 20305000

*  Backflow 0302003058 3203050008

e Directing (mixing or diverting) sgogcﬁmos
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4. Frequency of operation

* Valve ooofogpacn operate cpdesaenaon:
o G083,y valve mgEes(Gs 0odslondgeom operate coSqEr:

e Operation cx?c‘}cfooo manually con: automatically coo:

Valves 32 832029

1. Balancing Valve

29§, function oneoxy balancing and shutoff (9B system balancing 20305 280> 004G

design cp&o0051 Commissioning valve opcopSs 68l aaooopdi

Chiller/AHU eog¢> balancing valve (double regulating and commissioning type) o% install
c06qOloopdn Hydronic system balance 00305 c8qCeom flow qfjeoqs 320305(gdo0pd
a300p05dlen chiller $Een:eo0n AHU gp:apt 6qAdEE0SED ©eEPEDE [Jo00sd §o20520001

Balance cpOq$=acR05 calculated flow rate and pressure loss of the pipe o3 preset
05002620001 presetting c0Oq§320305 336600 set value o3 manufacturer ©GL:00:600D
flow chart ¢qoopSi Selected presetting o3 valve body edlog€ eudjgoonieomn scale ogCecdon
§§$E2005n Scale $6G §oopdn Basic setting longitudinal scale and fine setting peripheral scale
g [9620p5n Supply line (or) return line $desep ©d: speolelyoopd esep g€ install
cv68E20p5n Install cpbepage valve body edlaa€ [yoonseoon arrow direction 3203E: 0o690Eq
[g620p5 Valve g€ pressure test cpbq§eacgnd threaded ports $69 Ol§oopdi 8903 flow
meter 0p&so050300q] differential pressure across the valve o3 o300 93§8Ee0o0pdi
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Fig 7.1 Balancing Valve

Sliging Fine setting scale
ingicator ~ MadIng o heral scale)

Handwhaeaal
; . J. Screw
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v ' ) Cover plug
Basic satling scale :
fongitucinal scale) .
¥ Hole for
S3aling wing

Hole for
sealing wira

Fig 7.2 Balancing Valve
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2. Ball Valve

a9§, function ooeox shutoff 320305[yb[Bs spherical shaped internal flow device Cl§oopS
Quater turn cppdeog[gE fully close or fully open cvS§Ea0p5n The opening in spherical flow
device 2005 pipe size $& 320007 (a3) pcw&: [9desdlon full port vreSI (B pipe size coodcoSAlm
reduced port vpeslaopdi Full port ball valve o3 shutoff sacgodadiecs §g: reduced port o3

balancing 820305602 shutoff 2030501 ad:eag §oopdi

Fig 7.3 Ball Valve with Actuator

3. Butterfly Valve

ap§, function oneox balancing and shutoff [4d[Gs disc shaped internal flow device Al§oodu

Quater turn copSeosgfyS fully close or fully open co68Ea0pdi Quarter turn valve opcopds
@8l e oopdi
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Fig 7.4 Butterfly Valve
4. Check Valve

an§, function oneox back flow o prevent cpdeoq$ 320305 [gdoopdi Non return valve

opcopdesl [ogoopd Types 32655 ball, disc, globe, piston, swing sa§§a0pdi

Fig 7.5 Non Return Valve

5. Gate Valve

a9, function 205 shutoff 30305(gd[G: wedge or gate shaped internal flow device Gl§oopS

Valve stem 0005 vertically agogqpsGs 32981 22805 codeozaopdi
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Fig 7.6 Gate Valve

6. Globe Valve

a9, function 20p5 throttling 220305 98 cylindrical or conical shaped internal flow device

Ol§oopdi Rotating [gopeosaldyl water flow o3 control [geodeosaopdi Quarter turn

cvope0sgyS fully close or fully open cp68Ea00u

| Actuator force

Globe Valve.

Bonnet

Body

Valve plug

Fluid flow - Pressure Py * ‘ Pressure Py

\* Differential pressure |AP) ‘J 16

Fig 7.7. Globe Valve (single seated)
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7. Plug Valve
ap§, function ooeo balancing and shutoff [98[§: cylindrical or conical shaped internal flow

device d§oopdi Rotating [gopdeodglyE water flow o3 control [giopeosoopdi apoaopdSeopds
quater turn cppSeozgfd fully close or fully open co6§Ea0a5

Fig 7.8. Plug Valve

Summary of valve selection chat 6363200503€ [0353h

Valve Selection Chart

Valve Mode of Flow Regulation Fluid
Free of  Solids in Suspension

Group Type On-Off Throttling Diverting solids non-abrasive abrasive Sticky Sanitary
Closing  Globe:
down —straight pattern Yes Yes Yes

—angle pattern Yes Yes Yes special special

—oblique pattern Yes Yes Yes special

—multiport pattern Yes Yes

Piston Yes Yes Yes Yes special
Shding  Parallel gate:

—conventional Yes Yes

—conduit gate Yes Yes Yes Yes

—knife gate Yes special Yes Yes Yes

Wedge gate:

—with bottom cavity Yes Yes

—without bottom Yes moderate Yes Yes

cavity (rubber scated)
Rotating Plug:

—non-lubricated Yes moderate Yes Yes Yes Yes

—lubricated Yes Yes Yes Yes Yes

—eccentric plug Yes moderate Yes Yes Yes

—lift plug Yes Yes Yes Yes Yes

Ball Yes moderate Yes Yes Yes

Butterfly Yes Yes special Yes Yes Yes
Flexing Pinch Yes Yes special Yes Yes Yes Yes Yes

Diaphragm:

—weilr type Yes Yes Yes Yes Yes Yes

—straight-through Yes moderate Yes Yes Yes Yes
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20005038 eedlyoonseomn valve gpseil function 3aq globe valve 2opS modulating process
30305 actuator $&c3q egrgES8e0m 3a§Emaen: [3BoopSt o3eas ball valve gpiodopS:
modulating 0305 actuator §803gmREOES SpRdgeon wecpEl g opS:
BcSaoqsbo) o8 GuiBEaosSI madlogSeom sa0g$ saadiqpica valve type qp: [gBescof
Shut-off 220305 manual butterfly valve gp:o3 HVAC field o€ 3¢j saadsqpsaopdi

Size 2" cooeooicSeon valve qpioopS threaded type (or) soldered type qpigbe) GE:c005
[03:Aoo flange type qps ad:gfoq00p5 Flange gp:o? ad:qi€ DIN (or) ANSI standard con:eGom
2008002:8 §o0pSi Piping o3 shipyard anomo§opg] 03cSan valve supply codeaopS §eadd
shipyard o> ap08c3gi8aom flange type 03com8:ie8ec; §aooS qprearmfyd valve qpic
Europe 9eneaodoolgE GE:oden DIN standard gpsax [gdoopbn Korea (or) China wencqiCeom
ANSI flange g0} cgudogudopon qecogoopdn DIN (PN10, 16, 20 etc) flange gp:oon
§loncopbs [yocogo wfiol Counter flange (or) matching flange dleosadodaq€ sasolelydloogd
Cost impact aom easboops 03690984 GEiaion sageSenal sagfod aogt: clagbra
(4820051 3200086[o3p&s86005 matching flange coswodi vevon: Sff (805683 5§800s
00003t [3baogSH

Chilled water piping system 320305 ma000566Sfydl valves qpicd ma0diy §8o0pSi Pump
083209051 chiller 2208320905 AHU 3308200905 Gogen maintenance 320305 oodeol (g
(a8) control 220305 odeol[gl: gps [gopdeopdn System o3 shutdown coSoep ©c3d
Bmboan esepe Valve qpio3on 8oSEdsS replacement (o) maintenance [yapd88oogSn
AHU @il return line § oo6soCoonieny §eomn valve 2005 modulating valve [g8[g: electric actuator
$C control co620p5 096l function ¢ system ¢c82a66000 chilled water vwdan 63005 AHU 6i
cooling coil 308888 modulate cobeosefal: [§8o0pSn  Thermostatic control valve

(Temperature control valve) vpcopSsesl 2001
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Automatic Temperature Control Valves (ATCV)

Automatic Temperature Control Valves qp:o3 type of construction edloooode) 2-way valves:
single-seated and double-seated, and 3-way valves: single-seated mixing valves, double-seated

diverting valves 020[g& 3[gpzcon:00001

2-way valves

Chilled water flow o3 regulate/modulate cp&g§aa0305 2-way valves gqp:o3 saadgfo3005
Load maedlooopde] valve 2005 ¢&fgls 805[g8: pbeosaopdi single-seated 2-way valves
qPeo0ps 2a0diqpicod type [3620p0i Double-seated 2-way valves qp:o? differential pressure
[48eregEeo0p5 [gooogn ©upodS tight shutoff o 3280p c3326q05 ewpodeoms application
qp2opt =aadi{yfCoopdi 6 flow-through double-seated valves qpsog€ port $&9 §oopdSse0305
0069 038050053241 3a[gp:00692005 gEasad [4d20pd ad design 20pS balanced trust condition

oBesod:euGs valve o3 high differential pressure §eseoome water hammer condition o[gdeod

eypeggd 3058Ee00p5I

Fig 7.9. Double seated control valve
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3-way valves

3-way valve qp:oopd single-seated (mixing valve) o3wupod double-seated (diverted valve)
qPegb§Eo0pdn Single-seated mixing valve coeom) 3a0d:magpsad: [gdoopdn Mixing valve opé
inlet port $69 §8s outlet port 09000 §oopdi Diverting valve o3¢ inlet port 0od9§q) outlet

port $69 §oopdi

Chilled water flow 03 modulate cp6q$ [gd20p5320305 AHU (or) FCU @i chilled water line 0g& 3-
way valve 0300 03:qepd [96oopdi Load ¢ cooling demand o§eoo 84l chilled water 2005

AHU/FCU  coil 3203823 ofgodeomd bypass line ¢ ooeog return line o8 ogoseilCom
recirculation [4$[g6ep5 [gdaopdi

632005m¢ (Fig.7.10) oBo3p8dl 3-way valve o3 return line o3¢ install capbaonsoopdn Butterfly
valve $8903e0om AHU 6l 32081 320905 o€ service valve gpsaacsd ondeoaonssin GEodel
function 2005 open/close 20305000 qpdgud[gEs [9daopdi Return line opE balancing valve

00690300p5: 6ogdlc866pb AHU coil 30305 08336600 flow 03 §$036S 200305 [gda0di

Fig 7.10. Chilled water circuit at AHU
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Flow meter o} install 0966000358 000500898, instruction qpzo? 0803570083308 8o
Boqe§oseani 85qqean reading efeed [§8oopSt Temperature transmitter Gogelaq
8§ 208000:qaop8n G&:Re sensing cpdq [488eo 6307 03 3aafgdd controller ¢ control
co8fgBieo3r& woBoq o design condition o3uqd ofaSh emfad: qpisBonoSoosSi puwd -
typically saes3 s3aqC straight pipe cogope flow disturbance (turbulence) o3{gdeody source

006994, 32602 5 to 25 pipe diameters upstream § 2 to 5 pipe diameters downstream 5006908

2000051 2Bwoon reliable reading 03q§§Eep5 [gdaopSn

3-Way
Mixing Valve

;
.._%._

&,
Pump

W Coll
g%

Pump 3-Way
Diverting Valve

Fig 7.11. 3-way mixing valve and diverting valve diagrams
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3-way diverting valve o3copds 3a2%dye] qelopE:nd sacondd diagram ozEogpSaln Diverting
valve o3 =2aadiyclon supply line (upstream the coil) o3& 006s0CqGe mixing valve o3 32034y
Clon return line (downstream the coil) 03¢ 00Se0€qaopdi 3000de[rpEadeadd valve &
construction =2q mixing valve o0& bottom port (bypass line) a0p5 normally open [gbes(3s
straight line 0g8 §es600> 608> port 00pS normally close [gdeseo0elps [§6aoSH
Diverting valve og8copS: sacomiop o8fgbaopSi Coil m20p8:08 GeuBeepsd Gogfeaog0d
controller ¢ valve &l actuator 03 g&eoo e[y 2003E: eoo pxweade port a0pd g&og(de
Bm6697 6qowrm 03 coil 32098:03 [305008: 08eqpad eoaozSI Modulating process [s6e O-
100% 32038 o00deod valve o3 oudoqud gleoig ocd &30 controller ¢ command

Go2o0pd 32038 [gdaopdi Controller 20pScopd: duct or room mount temperature transmitter ¢

§§120p5 output signal 33q) control cod[gEs [gdoopd

006§, 3-way valve qp:o3 2-way valve qp: 2065500008 3203qq] §oopdI 93e3agE bottom port
o3 flange $& 805063058 aBa0bn 632005d Hor¢ [035dk

Fig 7.12. Control valve for 2-way application
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Valve qpseil material 2005 cast iron, steel and bronze qpsgdlogoopdn Valve size [05:dlon cast

iron o3sp0ddge eoo:dlon brass qpod qpseoonsgE ado300pd Bronze valve gpoopd
GE:030005e0qE eqEBroopdi Valve cologl dlfeomn flow direction s203E: valve gpzo? install

068 cgaopdn

2-way valve 20p5 high differential pressure §q line pressure o3so§oyEq 8058 ©53200u
Variable flow 320305 32034y [0300p51 3-way valve gp:o? constant flow 820305 s29ddy[o3q)
actuator 20p5 936[8 powerful [gbdosp ecdao

2-way valve 6l 320:000905 qpsed 6gEao>aNG: 00de0CqE gudarooodi Pumping energy
aBeagpq) $Eeom variable flow [98[gCs pumping and distribution system 320305 cr$07 0§05
2005000 §E[g8s system balance [goesn [gopdeosq [9€:03 eagpg $E[gE: ocom com:ad

FodgP: §oopdi sas00:q05 qpesaes, chiller gpsoopd varying flow rates cogod comCagn
handle ©cp68E[g8a Differential pressure across the valve 205 [gGoooScxn[B system

controllability oqjeo&sgEs odlgdaopdu

omdelpelyp  cwod§ HVAC application  gpsog€eory  3-way mixing valve  gpzoopd
noSoqedfg§lys se0dgese0m saep [gde0o0RdI

Characteristics of control valves

Valve flow characteristics 2005 valve stem og:8E03 travel (percentage of travel) $& valve o3

[godoo&eazn:03 fluid (percentage of full flow) odel €00da305q05 [§doopdi Typical flow

characteristics 03¢ linear, equal percentage $& quick opening o33 3:§js 3[ap: $E20p5

Linear flow characteristics ccox §E:00001 powd - valve oo 25% &aQIC flow rate oS 25%
o€ 0€opd [gdo0dn Valve stem §, position § flow 0o 0305805 3a§jEaq00p0n 2903 2-way valve

GoReD pressure or steam control 850305 ad:ea§oopd
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Equal percentage valve eogen flow & valve stem position 60§, 800593050500 non-linear
[§8005n 00555 s8ead5 exponential s005a0Sq05 [3Bafin Valve ooq: g&ao0S 528038 flow
2258 935005 5 SBrobeunoopts Valve 0B gleoopSs o405 flow oocd 3360 56
g oBig conerooopdi omelop equal percentage vreslcopS: Bea0d valve 20p5 equal
percent increment $& g8 20038 flow 20pScopd: [Brdeon c§dmeden Goopd[E:
ogeSeomn pBEafs §8 Ghiooneanelipt g8 §F gbieand sBaeash valve 38 30%
@Geseom 38l 20m3/h &30d 40% gGameom =08l 50% o3co0pd &3dlon 30m3/h
[g6cne0c8Gepdi s00hcuade) 50% valve geseam =adlg flow 2005 45m3/h [ydoopdn 50%
increment 00p8 Bideom 008 sedogBorn codood dBiogrfgl: [§6a0pSi Valve 8oSeom
moolog8oopds ABspd: 30908 [96o0pdn powd cobeoqeodd - valve fully open (100%)
[gbese000 228l 100 GPM flow [98[G: valve 10% 805c80503E: flow 30% Gogpognsoopd a3dlmn
6332058 :3038:q§ 0005

2200053 00832203 graph a3[o3p50lon q§oreom curve 2005 theoretical curve aoofgdeowepd
0% valve position § valve 20p5805qepS [4620p5n Valve fully close [gdogE flow o§qeomeon
adelopE real curve 2005 valve close position §0:038 sa5p5:c0d [goeg02g0d §eocdGepdi 0%
valve position o3¢ leakage copds §eome: §Alc86eodi Equal percentage flow characteristics o3

heating and cooling coils o3320305 modulating control 863 3203gq$ 0E&enqpeuadN

Quick opening flow characteristics ccop5s 26005600 §E:Cladpdi pown - butterfly valve s30l@u

Valve plate o3 stem o 5505 cppSeusgsC [98[gS ¢Ceo:8Eo0pdn Manual or automatic
a5:8E[8s shut-off (open/close) application cogogE pump, chiller, AHU 00x60o3e0 service valve

2653 20030005
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Control Flow Characteristics

Valve Type Flow Characteristic Available Application
Globe Valve A. Linear A. Stem
B. Equal percentage B. Chilled water & Hot water coils
C. Quick opening C. Open/close
Butterfly Valve Quick opening Shut-off for chillers, pumps, AHUs
Ball Valve Varies Chilled water cooling & heating coils
100 —
.--""".".
90 /, = // z Ei
Quick Opening \ Ball Valve / / /
80 /f" 2
) v1/1/

8" 7 %
9 E 60 Llnear\ /
™ E Y
-2 Y / /
E Q 50 L / r
o —Butterfly
l_:' E a0 ! ; /] - f
Cc=
W o 3.{] -
oo / [~ /

20 / / / \

/ X e Equal
/ / Percentage
|_—]
0 A
0 10 20 30 40 50 60 70 80 90 100

PERCENT OF FULL STROKE

Fig 7.13. Flow characteristic curves of various types
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Valve Authority

Differential pressure across the control valve 2005 valve 2ag€ $& 22305 condition $69 [o3p:op
algpEicdesaopdi Valve odesq§ogC system a differential pressure 20pd valve 006905:
med 0g8ar a05eapaSe| §o3p5H Valve 3ayo8se0 g8esear mdlog8eom isoiesea fluid
flow 2005 system &1 oy$=e8052088: gpezmad: (coil, balancing valve, pipe, etc) Scopds
pressure drop o3fydedleooooSt Se8aqS G& fully open 32885 control valve 53608 less
differential pressure 00 §esopSon 98860255

Valve Authority a3oopSen valve fully open saclgseesss valve fully close sacfgsses o
mloeopE §eoon differential pressure sa§Egdo0pd

Valve Authority (A) = Open valve pressure drop / Close valve pressure drop

A=1 (or) A=100% opaBaqi€ valve 20p5 subcircuit a3op [9deolo3 pressure drop oonagé

(0005 3e308a: [3BaoeSn

BTUH

04 R p—— Open
A Is authority. As series resistance is added to the circuit,
the valve has less of the total loss. Its authority is lower.
A = 1 means the authority is 100%

Fig 7.14. Effect of valve authority on a linear control valve
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200053 $o€ vale authority 2098 linear valve 0569 s a8 90053 320§ 2005eqpady|
[96e00005 o8003 [goopdn Linear characteristics 20p5 modulating control for water system
30305 008aayBfgt: 0§ Valve authority ofp8io0pSs sagy flow characteristics 0305
cScSafypicd a807 cedly £8q8320305 Gom GomSiglenn pows 38205

e2:05d) Fig 7.15 og€eom low valve authority 2005 (A=0.1 and 0.25) equal percent valve
characteristic 03 920508 20056epPady| §o0cd 3o ewdgoopd Valve authority §6eo0 24
valve stem ma5pdicadq) g 6o0dc0pd: [0Fwnicoon heat output o3fgbeooopd, sa§jEzaon:

ooyeax change o3 [gdeofG: stable control o3copS: QEES 905560000

20q)03204g& 93q@005 stable control o3 §3q§ 320305 high valve authority g3 e300

BTUH

A is authority. As series resistance is added to the circuit,
the valve has less of the total loss. Its authority is lower.
A = 1 means the authority is 100%

Fig 7.15. Effect of valve authority on a equal percent control valve
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Location of the valve

Cooling (or) heating coil §, 32090540 valve GogcB 035808302cSH Coil Gogogd eqEoE
63705605038 §e00 port ¢ 08¢ 530005038 §aom port ¢ ogoSoopdi & configuration o3
cobefgt: 32el3p8ion me[TpS: 0899 Gl - pued pump gbagrdon coil BBogd eqlyes
§esc0e00:00001 oJelopg AHU 22090000 eseoinq€ coil cd¢n §eseomn eqess Goosd
odomeon, Fes08alyeseadionpdl 6s005mbecdo flow 20g5 6323050 2000568 ooy
8c8onBeagpaSad: oq mfyed (305 diameter 53038: cqalyss) §esoofss 050308 arodfat:
(avoid air bubble) o3egpEeps 820051 Flow measuring devices $& balancing valve o3 control

valve [Gso 006a08 qupbi Service valves qpzod 305 3208 $& 30905 03¢ cdeoCqEpd

SHUTOFF AND
BALANCING VALVE

FLOW MEASURING DEVICE

CONTROL VALVE
THERMOMETER (TYPICAL)

k0 )l

COIL |g
i D5

DRAIN SHUT OFF
VALVE

Fig 7.16. Typical configuration of chilled water circuit at FCU
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3-way Control Valve Sizing

Chilled water flow rate o3 required cooling capacity edlgoopS¢j 9335 [s6o0pS1 e3[E30R....AHU
0069qIC:e8 320305 G060 chilled water flow 03388 [gdoopdi Cooling coil header
chilled water inlet and outlet diameter o cooopog sa9E QG [9820pSi Cooling  coil
(evaporator) a3803 coil manufacturer ade q§epd [gdoopdi Chilled water pipe 2005 GE:e0803
follow cde) q88aopbi aea0d control valve o3 select cpbeoonazasl control  function
Beom8ie078: 32096 588e0q8a30305 design pressure drop 3copS: o0t G0t 300z
Fluid §, maximum temperature, maximum inlet pressure, maximum flow rate, close-off pressure
006030055 ofiommquS, 3qpbec [gBrp

On-off valve 6032030500607, §iqSsc0aSi Flow characteristics 00pS 038 3280 w0y oo
8585 3038 g5 quopdi Flow coefficient qpicor 08803  egraoinqS
8aom8ic0a0p5n 3-way control valve o3 select (802338 805638 000’ [FiqSeoss: [Brosd
ccSqBed oS8 cuoogdl a00m0 3sd valve fully open [y8eseo0 2885 maximum water
flow 0360588 6005 Gox 33038307 3208 [FF: §e07 c8aooSH Modulating process 320305
051y e00n 38l oversize o3 wogiquS 8eoq$ 6o 33660 005§ Valve 3agcSzRon:
e [Bicgls doo valve mspdicaS 984 5§ 828600 maximum water flow o3 supply

cd[Gsoon: [gdogmseuepdi saon:0fgE valve og&eom S0 ofo3ad [9oay€ control
a880eomE: vy aB88a0pbi System 2005 low & average load GoRsa0R05 =2qG: sensitive

[g6cg&ea0[gC stable control cqfeoqs 90532005 wpadqepd [gdoopdn Bspdiop valve 35

:2qo:e00:e500000p0:  valve stem  travel spcoddgpigp: Gepode cBqCeoon  water flow
3q8E0pd [gbep ma00Caclycvay

Valve coodcpbopgpie recommend cpboonseoon pressure drop oo&8sgps §000333 rules of

thumb gpi3aq copdiegeged cu:§Caopdi Flow coefficient §& pressure drop 20p5 valve qpso?
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select cpOepag 328 ogeoo parameter qpslgdo0pdn Flow coefficient (K, $& C.) vpq) $64e
258600 qep K, 20p5 metric unit 350305 [g8[:  C, 2005 imperial unit 20305 [gd20p5
Ky soogo% unit Cl)é cubic meters per hour (m3/h) of water with a pressure drop across the

valve of 1 bar [98[g: C, 320305 unit 20p5 US gallons per minute (gpm) of water (at 60°C) with a

pressure drop across the valve of 1 psi [g9a0p5i (K, = 0.865C,/ C, = 1.156K,)

Maximum pressure drop o3 0.01 to 0.3 bar (0.15 to 4.5psi) 32038: §esané design

c6eooopdi 6300503€ basic formulas gp:o? eedlgaonzaopdi

The basic formula to determine the Kv of a valve is:
The basic formula to determine the Cv of a valve is:

Q = Flow (m3/h) Q = Flow (US gallons/min)
Kv = Q 53 Dp = Pressure drop (bar) Cv=Q S_G Dp = Pressure drop (psi)
Dp SG = Specific gravity of fluid Dp SG = Specific gravity of fluid
Kv = Valve flow coefficient Cv = Valve flow coefficient
There are two other ways that this formula can be used to There are two other ways that this formula can be used to
find the flow in m3/h or pressure drop of a valve in bar: find the flow in US gallons/minute or pressure drop of a

]

D 2 valve in PSI: 2
Q=kv/Dp  pp - H 5G _ cv/Dp Dp =Hse
SG Kv Q sG Cv

Note: Specific gravity of water o3 1 22683 03030580001

Temperature Controller

c83>6600 chilled water oeomo3 23§q$ duct mount (or) room mount temperature transmitter
Bondeol conqoopdi Return air o3see[gdfde control cpddlon temperature transmitter (PI
temperature controller) o3 return duct 0p¢ oo6so8aooqa free return (not ducted) [gddloo
208 (wall mount) o303 00be0E08E0p5 &5 supply duct c3€onbs0Eaon:0000
00b§|,copds supply, return, fresh air duct 3a098cd:03¢ 00690C00:00001 00503 control

cSecd 8303 philosophy saedl 0gE wanpboopS



Aung Myat Thu Applied HVAC Sysem in Marine & Offshore Volume 2

Duct mount and room mount temperature controller 03 powd 22683 63:00503¢ [yao:200H
Output signal 2005 0-10V (or) 4-20 mA/ 2-wire (or) 3-wire system 02o[gE design cp6§Ea00n

3-wire system 2005 J[B: reliable [gd20[g& HVAC $05005038 ad:eaoopd

ea050p8e6d[yoonseon controller (Fig 7.17) o€ 5°C - 30°C 3203E: set point cp68Ea00n PI
temperature controller sa§jgea00: (462005 PI 8320p5¢n Proportional $& Integral terms $89 o3
POR$s [9E: [9boopbn PI controller 20p5 desired set point $& 0fE:om q§o3 process variable
589 3ren [sBedlesoy oppoqed sfgb error value o3 melyod ogodqed cof
forciimon bty [gbedloscy error 0§l 5§y spfiend control
variable o8 §8x8cofgd: [4& [yopSeotanpdi Control variable s8a0p50n ofosepogs valve
position o3 s8c3[gE: 3800y

Proportional terms 2005 coo5§ ogpwd 6503 error o&3:03 Koo powd - error 0o$3:0005
[P3een: (G 32601200882 [90lon controller ¢ cpodeuseax control output 20pScopd: [Beedd:
260IE: 00§3:03000 coodevicLERdI

Integral terms oneom [B:3[G] [9Oeom error 00§3: gp:a? [uSog05 [ySedlC:op (Bt set point $&
:8:0090: [30e3:0C valve position 03 adjust cvSe0:20001 powd 83gea0d CVHS§ control output

2005 c8qi€eom set point 03q§8Eecnodesmnt cdeanody| ofdon [Bsdeam 3§§ 3203E:320m
b9 2038 [905e00m error gpod 6dlEG: 3¢) sseomEieam control output 006903
controller vapodeusgEs adesl copdi

6§005006 Derivative terms oobo §e00:a008 G&ineom od§ [sbedleseon afySicdsis:
current rate of change meedl sac[gde] cq.coqp0S (488803 error value o3 030503k output
a00de0fgls [gdoopdn 32000530 ad9 @dlCiconomed PID controller wresloopdi PI $89
00pb:03eo PI controller vpesl aopdi
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63305038 Godjgoonieomn temperature controller 03¢ o30dadqi€eomn set point temperature
BEe) codOln Air temperature (set point temperature) o3 sense cpde) control output o3
controller c000560:ed (420051 Control output e3epog control voltage (0-10V) a3wwpod 4-
20mA output o3 3-way valve &l actuator 8823 cooSeoggEs [gdoopdn 3-way valve @i actuator ©

8326600 chilled water owdan gfjeoqs 220305 modulate crdGozeRS (4o

Fig 7.17. Room mount temperature controller (5-30°C)

N

Fig 7.18. Duct mount temperature controller (5-30°C)
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6330500RE [goontomen AHU oodads control panel §& temperature controller qpggdoopd
apeox) hard wire system [9620p5 20305 control panel o3& HMI display oddeon HMI
aB2005¢n Human Machine Interface [gdoopSi PLC program od:cqi€eox HMI od3eagdla88epdi
AHU @izoed gl return plenum ¢ G& plenum opE temperature controllers gpso?
006908002:00001 9005005 33980020005 duct mount temperature controller [g8¢) cable 20p5
control panel 23eqpodesmE oged g scvuSor §eom junction box $& sooSoongEaRdN
ponoodedn godeqpegp 3a5056epEaopdcopd: temperature controller o&[gde] GEmeom,
heater 230305(gda0pbi AHU 32038:03E cooling coil axwemo  electric heater copSsdlgaopdi
Heater 20p5 heating capacity e0looopdq] single stage, 2-stage, 3-stage o2o[gE §ecoep set
point $& 03E:0m q§eom value saloPipt [gdedeseam error value 326l onode) stage
0693 On quooos oofgp: stage Gogeom On qeonedeoon control output o coodeugs
[g620p5n PLC program odod:agi€eom vopad sensor $69 ocdzabeon 0od9ad cdeamod(q [ybe)
program Gegoonzo0pd 3203E: control codognepS [gdaopS

Fig 7.19. Duct mount temperatures and HVAC Control Panel
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18°C Thermostat

18°C thermostat o3 chilled water supply line 0g€ 006808 Z2ad3gery §oopdi gdgudeqioden
mejopEiondepelopt system qSopfd: [p§ocomnmd BBeemaieanieon eqyp: cooling coil
2038:08 wo8eod by pass cobie [goSG: return ¢ [g§ogreoqs 20305 [gBoopdi Set point
temperature o3eomy a30boonqIE 206a05002:8E00N gpieomeayE 18°C ozCooney
§ooly& 18°C thermostat vpad[gEs [ydoopd Sensing element (wire) o3 chilled water supply pipe
g€ bq) qboooed: 18°C o8 water temperature cepodeomesl oae 3-way valve 03 0008
modulate cpSeo20001 632005mO03¢E [03pd0ll =aesiel design temperature 20p5 22°C to 25°C
Go0532098:000 condoqaofgE 3-way valve o control cpd§3a0305 room mount or duct

mount temperature controller $& conflict o[gd8EA

| =

18°C Thermostat
e /

Sensingwire

Fig 7.20. 18°C thermostat for chilled water temperature
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Chapter 8

Functional Design Specification

Introduction

HVAC system o€ control 3€:330305 control philosophy 8300 22q€ 2005¢05000:qE0p0N AHU
60R0% 90058 control cpdecdl thermostat setting cogonuScoonzecdl time delay eog 900d
GaO00d conzecdi interlock Gogo00dcdl alarm setting 6oRo05a8 00y dlecyn? s2qE define
coSoosqoopdn [Gseome  electrical drawing eogod create cpdeoopdi AHU, FCU general
arrangement drawing cogoneom 3¢ design O 990303 co%d 0830305 (room
arrangement 320305) [0302¢€ [g€soaonicdqoopdi

Chilled water system o3& cooopog 3205gS chilled water temperature 2005 3208 6°C $G 92005
12°C 20p5 normal design condition [g20p51 8esepogE condenser water temperature (cooling
water temperature) $& 0eapd3a300051 6°C $& 12°C 20p5 chilled water temperature [gda00u
Condenser water temperature o:)é condenser 038 heat exchange C\PSGO:ODé cooling water
(fresh water or sea water) & temperature [4620p51 Gooopog 3:4g& cooling water @i entering
temperature 2005 36°C - 38°C eooood§q) leaving temperature 20p5 43°C Gaoda5§oopdi
Cooling tower qpzcd marine sector 0gead:di Sea water cooled chiller 03a3:0q€ sea water o3
fresh water $C [g$¢] 32632:00m system 50038233 [ ¢ circulate cpdeoo0pdl Lower main deck

@ chiller room o3con:eaa§oopdi

Air cooled chiller cogoneom centralized AHU Gogsecged od:ecoeqd 9903 low capacity

200509360 §[8s rooftop wrconzeaa§o0pd
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Chiller gpsog€ soft starter build-in 33653 Ol visual control s5fyde5005c00 panel cod§oopdi

2pmeo) setting eop adjust cpoes$ $& alarm reset 6o330305 [4620pdN CWABE:ER: V3388
60g50868¢E coq$ password protection apGoon:00pdi

Chilled water system og& typically sgof%% chiller unit (condenser, evaporator, compressor, other
small components such as safety devices and instruments), chilled water pump, condenser
water pump, expansion vessel, chemical dosing tank, control valves, instruments, AHU or FCU,
piping system ooxeoy dooopdn Full load $& partial load 000§q) land 6o3¢003,93 ©0pcdd

:[good: run esqoopdi Shut down cpdeoopd o§dli Control room (switch board) @oga005
2[gooé: aircon 8220652005 copdgbooRdi

Chiller set 2005 00560 ¢ 1x100% 03600 ool System fail [gboqiC aircon service qOogse)
olgbeomelorpt stand-by unit 029 safgoonseay §oopdn adelopE 2x100% (1 duty and 1 stand-
by) eoodcopdieomEa 3x50% (2 duty and 1 stand-by) cooScopdieomt: codeny §oopdi
ogSieotens pump 00pScopS: Bmaoy 08fgBoopSt Interlock s800pSen sytem A run cs§Sogs
system B stand-by 32083 des63238 setting cobaondgBion sao36iyS: 0c58800pSH sdeoad:
08505 operate coSecse32E BoSaoodgBiodi System 0089 fail 48 8200858 oy system
o890 operate cpSeo:dc8o0p51 Slod auto mode (or) manual mode [yopS8Ea0pdi Safety
2Rode[Paay€ powd- water flow switch o3 condenser 32080R¢ oodeofomndGe water flow

o§dloo compressor © run eon Water flow switch $¢ compressor o3 interlock cp6002:200507
38 Co0p

Instruments GogsaGs3, pressure gauges, thermometers ©o[gE 0o&e0€[e30000n Chilled water
pump 300858 30090503 pressure gauges gpsonOsoCoonsgéiyE differential pressure
o3zacgudonoy 9B8Eo0pdn Chiller o 3008 330905 305c8C:pE  thermometer 03006508
consfgliyE water temperature o3sacgudonoy 9B§8E2000m & instrument Goga0pS system
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control 220305 wupodeon System §, condition 03288Eq§ 02680E0gEs0052005 20jgdo0R5N
Chiller 330305 control devices and control wiring @ogon chiller voSmoopbin 0oddloopds
Cloon[Bsa: (pre-installed) [gdoopdi Chilled water pump 8300506023 6309umaBed panel

20052005 conzqepdlgdaopdi Chiller o3 remote ON/OFF (or) emergency shutdown ooolg&

06086205 8 panel oo integrate c06SE2000

Functional Design Specification

Functional design specification 6o system oSog€ omeop dloopdi 0p§, function GogonomI
5058 condition cog §c31 5658 control crSeadi 3058 operating VGRS  BoMEAY O
5030005 206006305 [§8:0 [§52005n B3998:8), qESguSaeSon B3uScpbesc’ 8880 oxeBom
op OBoBoyoy gowcopd coqe o) m0godlgboopdi eeAdRt  eedfgaomioogd iy
206om0epicd §oi00p5e0as 330905 o8lyfaS: [§8oopSH PLC odieox system oobocd pown
2655 ccSgoopdn

System Functions and Facilities

- Design condition cop %méu pow - Outdoor temperatures (min 0°C and max 40°C), RH 30%

& 50%. Desired indoor temperature and RH% 50

- System o3& centralized AHU (2x100%) o0dads AloC[Gs 100% outside air o33 saad:gj00p01

Chilled water system [3dq] 30082 D 9§:03 serve cvdepd
- Chilled water cooling $¢& electrical heater dlo€epd

- Cooling 830305 AHU @i supply temperature (off-coil temperature) 2005 14°C [g8qepSi Air flow

205 4000 m3/h

- Chilled water supply temperature 7°C @86 return temperature 12°C
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- Cooling capacity 100 kW [9dg] heating capacity 39 kW [gda0p5n
- Heater 320305 AHU @il supply temperature (off-coil temperature) 2005 19°C [46qed

- HVAC system o3 control/starter ¢ control ap&2005n Control panel o3¢ dedicated PLC system

$C HMI (Human Machine Interface) Glo€q) Auto/Manual Mode $¢ 3200000600001

- 00§ Fefgare50pE system 2005 auto mode $& 350p6ROE PLC 2005 system o3 control $&
monitor cpbesepdi Manual mode o0& HMI ¢o0s0€ cpon manually control cpdgeoepdn PLC oo
system o3 monitor 3 cpbesepd [gdoopd System failure [gdogoiqiCeom PLC oo 2005adEep
system 03 qdodepS [g6f8: manually override (p6cd wqdl

System Control and Operation Philosphy

- Control/starter panel 2095 chiller, AHU 003, chilled water system 02690203 control co62005

- Chiller oaé compressor, condenser, chilled water pump set, AHU (separate cooling coil and
electric heater) ooo[g§ 100% redundant s»e$3 operate coS6o0p0N 03820305 system o5

e[opCiondye elopt failure [96dlon stand-by unit o> automatically take over cp&c8§epd
Spaves

- System A ¢ system B 23 a[gp&:c8dlon (switch over co6c3dlon) manually sees3 HMI screen
3¢ 6[gpE:8Eq) auto mode oz€ alarm ood9 §olon oofge: stand-by system 006903 2033
algpaogend [gdoopd

- PLC 2095 HMI screen failure [gdes0lon copds 320068005006 658Eq0pd 9905
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PC Control Loop

- Power on c305a0p5s& (first start up), alarm o§opsadclon compressor set $& chilled water

pump set 2005 stand-by [gdesqepd
- AHU 2095 run 8 32008208 [9beseep5

- AHU fan 2005 run & sas08aog [9deseepdi Fan ecopbel damper eop g&escon: 303 status

2:qC confirm (988 300051 oB320305 delay time de0:d cBaopdi Pressure differential switch

(before and after fan) o3c0d: system ©od3c32000n ABza030500p5: time delay §3 c32000u

AHU Supply Air Temperature

- Supply air set point 2005 14°C 01H200500d codifG: &3 supply duct 03¢ od6s0Eaonieam

temperature transmitter oo 03E:0000005

- Cooling mode and heating mode 320305 offset 2°C 2005905 con:00001 powd- temperature
a0pd 12°C (14°C -2°C) [gdesilon heater on opdfydGs 14°C eepoda0pd 3203 regulate
cpdegepd [9daopd

- 16°C (14°C+2°C) [gdesdlon 3-way valve gE&aonepd (906 14°C Gepoda0pd 3203 regulate
cpdegepS [gdoopd

- Supply air temperature 14°C 20p5 HMI screen 03¢ 2005¢050c00:0005 range sacpC:s adjust
68Ea001

- The differential out of range +/- 0.5°C contepd &3[30ldn Heating mode 320305 12°C -0.5°C

= 11.5°C [gbesdlon alarm [gode] stand-by unit oo automatically take over codepd [gdaopdi

Cooling mode 320305 16°C+0.5°C=16.5°C [gdaga:Clon onfgpiopsd 00d9od auto switch over
[gboga2e0005
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- Cooling mode or heating mode, o005 mode 2005 operating cpSe§20cS a0 20p5 HMI

screen o€ display cobe56epd

- Heating control 20p5 Thyristor [g&¢] PID control loop [gdoopdi Thyristor e30005¢n linear
control [gdo0pdn e8c32005¢n  ONn/Off 200653 cBooexnnd linearly control cpdesepd
[g620p51 Temperature transmitter oo measure cpdej cosdeax signal (0-10V or 4-20mA) 26|

control output o3 linearly coo5e0:00051 PLC 33059 320p600[gE: [gdo0pd

- Cooling mode 20p5c0p0: ABa0p LE[gdo0RdN Tyristor 20p5 heating 320305 [4d2003,3 3-way

control valve 20p5 cooling 320305 [4b¢) cooling coil 3303E:a3 chilled water oCeepade| Ve
o3 AB&:q|Oe0igc: [§& 83250003 regulate cpdeosoopdi

- Heater e320p0s& over heat protection §qoopdn Safety 920305 $6908 $[G: 0950005 auto and
manual a8 pow> auto s3aqE 0-120°C 32038: adjust wOSEe) set point 63 50°C codzeRdi
Auto ¢o 00099 fail [4bcd ofgoddop: aBcqi¢ manual sesd 80°C set point cod:lon 80°C
eepodogé power cut out cpbc88epSi Reset cpbqi€ogé cpon [4§F: w&eaofgE manual
edl[g8: [§82005

- Filter 20p5 AHU Go3038 $&s0&dconteny §oopdn Coarse filter (filter 32[038:) ogE pressure
indicator Goood0m 00bsolfmq fine filter vpesleoon bag filter og¢ pressure differential
transmitter 0o6s0&[o300001 Pressure indicator oopd filter o 3208 $& =20g05 pressure
difference o3 o3&:0m¢) gauge op¢ [yewsoopdi Pressure differential transmitter o>eox sensing
32006000 o signal o3d controller o3 transmit [g§coSo0p5n Filter choke [gbesdlon set point
Gotoonze| 3260l oopde) alarm [gpSeoepdi powd- set point 140 Pa Goscon:don GE:cood

coyPog$ogsdlon alarm cosepd [96[Gs HMI screen ogE edlesepdbi oodgEsodonpds VMS
a3copSs general alarm se6$3 feedback signal Gozepd [gdaopdi
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Chiller and Chilled Water Pump Set

- Chiller $& pump set 2005 100% redundant [g620p51 pows- chiller set A $& chilled water pump

A, chiller set B $& chilled water pump B. 0005 system oo operating 006652005 @302 HMI
screen 03¢ edlesepd [gdaodi

- Alarm 0089 ¢l 20p55E 0o[qC505 stand-by chiller oo auto take over crdeRd [gdo0Rd

- Chilled water temperature set point oo’ HMI screen edlop adjust cpdEa0pdi pown-

chilled water return temperature 12°C §€; supply temperature 7°C.

3-way Control Valve (0-10V or 4-20 mA)

- 3-way valve 2005 supply air temperature (off-coil temperature) 320005 2°C [g&e$20p5 3203

close position 22038 §esopd (968 valve ¢&onopd wupchi Temperature o3 adjust
cv68Ea001

Chilled Water Automatic Open/Close Valve

- Automatic Open/Close Valve qp:o% shut-off or switch over service saogm soo?:@@é]m

g&aes000008 Bodesoocmn: 8303 position status 20p5 HMI og€edl esepS [gdaopd

Compressor Operation

- Rotation protection 2005 ©Sc§dlon compressor o run  release cp6epd

- Crankcase heater alarm clear [4b¢ compressor run Goepdi Crankcase heater o3 standstill

heater 00000 68l a0pbi Compressor 56562 28 heater 2005 run 65005 (486G compressor

o3 freeze [gdoog: coqs omagudeudy: [gdaopdi Compressor run [§edo0pdsE GE: heater 0005
q0qepS (962005 Program default 32653 qp2eo0n 3204gS 8 hrs Gozco:a0p01 @dc8oman © run
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0pda80qi€ 8 hrs conteepd 206om0EI Compressor 03 32060s00p3 20eom0H 32q0 2648l heat
03050000 wpadoopdi 93eaod indoor 03¢ install b eeadeseo efgEacs ofdlon
Start-up 326[g3265$03E by-pass cpde) GE:a3 reset cvog) GaP&E0R5N

- Power cog3eq) 3 min 60 pump ocopdepdi Time delay cosaonigSs [gboopd

Solenoid Valve

- Suction pressure (to compressor) 2000 0009905002600 set point (powd- 5bar) cood
$0:e50qC valve gGesopd [98[G: compressor vqdegts gGeswepd [gdoodi

Temperature Transmitter PT-100 (Chilled Water)

Chiller set o3&:03C evaporator 32090503E:03E (chilled water line) 2005e3Eep temperature
transmitter 00898 §qj 6330053 2203¢E: setting apEoo:8E0p5

T entering water (T chiller inlet) < 5°C default setting : entering temp. too low

T leaving water (T chiller outlet) < 1.5°C default setting : alarm frost

T entering and T leaving > 55°C : compressor is blocked (out of operation limits)

Set point: T entering water (T inlet chiller): default setting 7°C

T entering water < 7°C, compressor stops, no alarm. Wait for further capacity control
Compressor §5e$6205c0pd: chilled water pump 2005 80050005 operating C¥6E$edS [gdaopdi

Low and High Pressure

- Compressor &1 low pressure sensor 2005 2.0 bar ezcbeepodesdlon compressor © run §

release pSc8Gepd
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- LP sensor o3 compressor o3 eoCel chilled water line o3& oobeoaonifs low pressure

[g9esdlmn @32005d alarm gpseozg) action cpE&Ea0p5N
LP below 0.5 bar compressr stops
LP below 0.3 bar chilled water pump stops

- Low side & chilled water system pressure 205 1.5 bar (adjustable) [gdo0o0n Relief valve

320905 set point 2005 4.0 bar [4bg] expansion vessel 0068080005

- High pressure sensor 2005 compressor 320905 high side (or) pressure side 0¢ oo6soaonig)

6220050] alarm gp:cozg) action cv620p5
HP above 23 above compressor stop
HP below 16 bar reset (possible on HMI)

HP sensor 2005 4 bar 6eonoom [gesdlon condenser 0gE Googpedlo’ leakage §es] [gd20p0

Alarm 20p5 comdenser pressure too low &3 [geseocddepdi Sled condenser ©eqod
G&050005¢) specialist 5390050905q% 200§ o0pd

- 3-way valve cooling water line 0R¢ on6soaon:Clon condenser pressure o3 regulate

066588601 Valve g&a005 0% - 100% 3203E: (4620251

LP an HP Pressostat

GE:o0p5 mechanically soq extra safety protection for compressor 30305 [g®20pdn Setting
qpzod A pressostat 6l 3¢ o305§0d set Aw6SE00u

Alarm Setting

LP below 1 bar compressor stop with alarm LP (display on HMI)
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HP above 24 bar compressor stop with alarm HP (display on HMI)

Flow Switch Cooling Water

- Chilled water pump $& flow switch o3 interlock co5002:00051 30000EGE contact point $&
[§920p51 pown - contact close [gd¢) 6 sec [o3pe chilled water pump 205 sacpEEARER0N
Pump qbogodfg: 6 sec [opoqi€ open contact [gdesepdi Cooling water for condenser

:209050000: Bs0d:0p  0E[gdaopdi Close contact [9de$eo0n compressor 220pECRGEEd
[gd20p5 Safety interlock [gda0p5n pown - flow ©§S chilled water pump run e$loo mechanical

damage [gde0oc38epbi

Oil heater and Oil Level

- Compessor 065204 oodeagPadad: oil heater 33[good: "On" eseoedi Correct oil level 20p5
close contact [4besqepd seesza000: (42001 2005005FSAS oil pressure 0SS open
contact [g6e$Slon compressor © run ©pd ©0pod3 HMI screen ogE alarm ognedlesepd

[g620051 Compressor 2005 operating cobesqS [gbAlon 60 sec delay time [9& qoagaze0c8GepS

Motor Protection

- Compressor o3€:03¢ motor protection §oopdi Motor rotation ee§clon compressor o3 block
cSoosepd [98[G: HMI o3¢ alarm cozwpd [gdaopdi

Capacity Control

- Solenoid valves gpso3 od:@ox capacity control [g8dlon GE:03,2005 function s008:08: [9&

capacity control ap620051 pown - solenoid Goosads §oopd S3AlB i

- Compressor qoesepe startup [§88 220305 No.3 2005 mo[gond: energize [gdes[Gs No.4 205
compressor run ¢55$0z¢E oil reclaim 320305 pulsating [gdes2005
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- Step control 20p5 chilled water return temperature 6ol 0E eoopS0p5

- powd - 7°C 0p¢ compressor oepd

- 7°C $€ 8°C [oypi03€ 50% [9epd (No.1 Off & No.2 On)

- 10°C ¢ 12.5°C [oypsog€ 75% [9depd (No.1 On & No.2 Off)

- 12.5°C 32000503¢ 100% full load condition $C run opd (No.1 Off & No.2 Off)

5200053 step control 63[03050l0n compressor 20p5 50% capacity $& 03ocp6pde) return water
temperature ol goopSe) capacity 9005 0o[gpSsgpdeqiC: 0055

Fig.8.1. Electrical Panel with PLC
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Chapter 9

Fire Prevention

Marine and offshore terms o0& 4§ o3 bulkhead: floor o3 deck vpeslaopbn Ships/rigs qpsd

esepa’d cBodq) division gpssE Ffepiconzaopdi A class, B class, C class, H class 020fg&

S[epsoonsoopdn 8zadene A class division 2090 fire protection system 820305 Sa0p:

eegdleonn division [gdoopdi GE:o3 328glud ¢&qdlon division 20p5 bulkhead gps  deck
qpeg& §opd:0ons(Be 6320050l IagIEdGPEad ABadsn: oopdSeamnndeopd

1)
2)

3)

4)

),

Steel (or) equivalent material qpz$& 00560005 contqEepd

20808 sagpaduoiecs 884¢| 8geed

Approved non-combustible materials gpss& insulate co6coG: S:acnlo| w§eom
005038 @0 3pdheoad 140°C 88 [ghosodaog) efjeeq (Slp 00p0d) spbase esep
g8 o (§8e0y 32313208) GEM80E GeByorriear 0BWSES 08t ecv
s2qdffoncs 180°C 83 [yoncSeong) ofeoq

Class “A-60" 60 min
Class “A-30" 30 min
Class “A-15" 15 min
Class “A-0" 0 min

One-hour standard fire test [op[Beo3 =000 flame, smoke ©oxeoRA3
o0g0dc0:8§Ee3nE oopbesmndeepd

Integrity $& temperature rise 220305 prototype bulkhead or deck ood9 $& test
[91096905 [96[Ge E: test 205 Fire Test Procedures Code $& 030586 qepdi

H class o3[8scopds §eoo:ooodn GE:o0pd hydrocarbon fire protection 820305 [9dg) Fire

damper cop 0%:8epog€ A class $& 0oon§:ad consg) a:geg §oopdn Location 8260l 9ooode)
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electrical components gpsoopd ex-proof [4og§ c3326dlon 20056005 cod:eam rating §eom
0gd: gpe0? 2d:euigELERdI

o)298:03¢ fire zone 6oy sacloPpE:d elgpagniepd [gdoopd 820305 oofg: B dlass, C class
Q2320305 wgieomeon 033307 H class 3503050005t 0066 wgEieomdl

Fire Zone 200500d[gE:

Zone GoR03 group 220305 gz 20096005 0028032000 o3 eoon S:eanE Baq zone
b9 ad:0d safe [gdesmE shutdown cpS8Ewd [gboopdi Air-con (23) ventilation ducts

Gogoog 03 50§, safgprcd serving pBaoofal 390 0289 ¢ 0369 080 [goBoof nstall
c0S0oy0pdH B:econean 334l flame (or) smoke cogaopd G duct gpse 0osog safep:
mofiacgad 0Boepdd 4.5, agp:88eoanpdi 0fod ofsbeoq$ $20905 A rated bulkhead (or)
deck cogop¢ fire damper gp: 0obeo€oonqoopdi Fire damper qpzoopd A-60 rated qpzoo
(4803 A class BoogSs& c&: fire damper qpic3 penetration piece [Brog€ oa8so8ecy
§oopSn 0508 z0ne Bg05) 0 ow 32653 fyoomoogy
1. Staircase qp:o3 port side (060 8:38:03 q05$004] (3500 530305 port
[58¢ 00502005 208 starboard [§6a0pd), starboard side, center vpg] zone o9
18 002207 edIE: zone 099 3655 200500500005
2. Living quarter o3 zone 0269 3565§ 2005905002200
3. Galley o3 zone 0069 32658 20090050022005
Fire damper qpsoopd ojjoown$ pneumatic type [4be) compressed air o3 saadsgjo0pdi Supply
air tank o3onbesepep 038conig] 2005e88ep damper 5208:08:§ pneumatic actuator gqp:od
stainless steel tubing qp:$€ connect cpboonzaopdi & supply air o3 solenoid valve gpssE
control cp&a000n Normally close valve type [9dg) energize [gdogi€ ¢Cej de-energize [gdogiE
85038 [5BoopS
Group 320805 Damper control panel gp:de] panel vese) remotely 3o58E20051 powd - Port

side 1% level ¢ staircase o€ &:cnCAlon G&: zone $& 2005e3E6000 solenoid valve o3 de-
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energize cpdodfgé: [9&

o3 solenoid valve ¢ o0e0& GU:e$GOOD air  supply

[yodeomadagoigielopE c00dadEep damper sacp§ds Sodagoiwpd [gdoopdi Damper gp:ci
position cogaopd fail-safe [gdqepdn sdc8a0pden power supply GaodcopdieomE air supply

Goodcophieomnt: [yodeomnodogadlen damper 3odqepd o3 &BcBfg: [gdoopdi Ogp:a?
[03050l Indication cpbaonieoon tag numbers gpsoogd fire damper 0od9gCs 8803 o3uden:

912005

516GM011-GFO1-E
ZONE LQ-2
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STIGE003-S
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5?65H01LGF01—SE¢".,:; / 571GE001-5 \ |
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‘ . e sheene-s
P Zhao
SN sweensE
S a ) sveEnes
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N 01 LEVEL
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Fig. 9.1. Fire zone for main deck and 01 level
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STIGE202-E
5?1EE2ﬂ|—5-"------q:\-l B A

ZONE LO-3C
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— ]
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T
A
-] -5HGE202-S
“fhg
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Fig. 9.2. Fire zone for 02 level
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ZONE LO-3A-

SHGE301-S

571GE302-E o N4

ZONE LQ-3C
EWFI’\‘MT*
] ]
5HGE302-S
I smeeoss
- 5HGE301-E
ZONE LQ-3B Nl
Vz  STGE304-E
" 5H1GE303-S

571GE306-E

Fig. 9.3. Fire zone for 03 level
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5HGEA01-S
/

ZONE LO-A1

-
SHGE4LD3I-E

ZONE LO-3B

NN e - SHGEAS-S

- SHGELOS-E

Fig. 9.4. Fire zone for 04 level
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Fig. 9.5. Fire zone for 05 level
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5HGFE01-S

5}GFE03-E N : ZONE LO-1 £
SMGEEO1-E.,

SHGESM-S . ™
- STIGFEDI-E

5TIGFS02-E
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i - 1
ZONE LQ-3B
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N
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Fig. 9.6. Fire zone for rooftop
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32000509 Gudlgoonzeom Ggpist 036) [03p9d Tag number 571GEXXX-S 02005030005 fire
damper qpsfgdq) valve $& symbol eoo:000d 3-way hand valve (462000 GE:a0pd manually
sfg€ damper 036900p5:03000 856§ 320205 (8205 Group 00690803 W8oSqEayE B
hand valve o33a03io)g] 9005a38ep damper o3 8058820051 covonoy s04gE testing and
commissioning 3>§$03¢ 32053(g[o0pdi

5716E105-5 | ke ——she-1ofe
5716E102-5 | ok |2 —oke ol 912, AR
=~ e SYSTEM
3
571GE101-5 | ok 20— ok [oke s
b=
T
571GE105- | Hiafe——sfe{ofe a
26
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5716E102—E | ok —2—oke-[ole
571GE104-E | Woke{—2
Ll
hr ol il
6
571GE103-E | Mokt
5716E004—S | ol —2—ske-{oke
(MAIN DECK)
5716E001-E | Wote1—2—ske1oke
(MAIN DECK)
5716E101-E | ol LN N
571E104-S | ok 2 —oe{ okt
g
E

Fig. 9.7. Zone LQ-1 (Main Deck and 01 Level)
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Bulkhead &1 0086050060503E0pd: hand valve $&9 §oopdi 329§:03C:0 Gaodcopdieoms
30§l oofgprenSe 600500pSie078: damper o8 8058823051 Damper control panel ¢aox
group 009 %03 80508¢ qaopSi Damper 0o69gE: 803 control panel ¢ 805¢ wq§E
Diameter eubgooneom  o3&:eogmeom  pneumatic tubing gpiydg pdeod§ VMS
aJogeom valve Goganeom solenoid valves eop [gdoopbn VMS e3a0pben vessel

management system o3s3c3[gE: [4o4) system 0odoad:ad odesepe monitor cpS8E0pSN

5716£003-5 | W2 T
(MAIN DECK) oke e 212
5716£002-5 | Wode—2
(MAN DECK)
57160015 | ol 20— she- o] [ ws |
(MAIN' DECK) T
26 36 925 AR
571GE108—E | ok ———she-toke & P sysTEM
=
57165107 | Wrode—2 o
$12 =
S
571GE106—E | Hoke o
WMS
5766M011-GF01-5 | oke|—2 EJ AR
) o o > gysTEM
5766M011-GFO1-E | |W-oke 7
o~
(-]
3 7
; m
8 &
(]
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Fig. 9.8. Zone LQ-2 (Main Deck and 01 Level)
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Fig. 9.9. Zone LQ-1 (02 Level)
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Fig. 9.10. Zone LQ-1 (03 Level)
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#6
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Fig. 9.11. Zone LQ-1 (04 Level)
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Fig. 9.12. Zone LQ-1 (05 Level)
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#6

E g

Wk
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~——— EMERGENCY
| POWER

#12 AR
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y BULKHEAD

Fig. 9.13. Zone LQ-3A (rooftop)
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Fig. 9.14. Zone LQ-3B (rooftop)
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Fig. 9.15. Zone LQ-3C (05 Level)
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Fig. 9.16. Zone LQ-1 (rooftop)

Fire Damper

Pneumaticactuator

3-way ball valve

Fig. 9.17. Fire damper
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Fig. 9.19. Solenoid valves with tubing

o0b§| esepeogogteom fire damper 6oy 006900000 LA gas tight damper eop

o06e0€oo0m  §dloopdn 0pSaBel [gdeo damper gp:aopbcd fire sa0gedom ©on gas
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3209050 2%:08qe3nE  00cdRto o gpidloopdn 303,93 $E§Eocd:  d:adqeom
damper gpzo? fire and gas damper (F&G damper) vpesl (030005

Damper 60303 cp33qda00d [4&eom esepogd install coSoooofyE blade 20p5gEes
Bodescon: aBo0d a3eoq$ 320305 open/close indication Aoopdn odsacn proximity switch
o3 32034qq) open/close signal o3 damper control panel a3copb:eomE: vessel management
system 28copbieomE:s status monitoring 320305 deozaopdi Fig. 9.17 oB[o3pddl Pneumatic
actuator cliconsop€ §eoon junction box adopE proximity switch §e) 9286:6epE coviwn local

open/close indication [g&a05u

Damper Panel with Local Switch

65005000 00b§jEen local switch qpzo? manual hand valve gpisaen: saaddq| [§Edgdaopd 3-
way hand valve gpscBo€ g& switch qpzadcopd: bulkhead & 00wnS00dged access

c068Ee0m eseparé mount coboonse) group 0o69d:q) fire damper gpzod Sod50dad §aodi
Group 6o 200583E6p & 30805 3§03 [gdaopd

Local Switch (standard) Lacal Switch (Ex-proof)

Fig. 9.20. Local switches
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[goomseom local switch gpsoopd safe are sa0god$E hazardous area 220305 [gdoopdi

Hazardous area 00305 electrical components gpsoopd ex-rated [ydeoopdi Explosion
[98[gC20 020005 Gu:§EqS sa0305(ybd0pd Cable galnds cozcopS: ex-rated Gog [gdoopdi

Working Philosophy of Fire & Dampers

Damper ¢oR320305 working philosophy 2005005000:qepdn 989000 ©pda3 control codepd
B0 design cw68EG08GLpdH 6330050RE powd =esd Gudyeucozopdl A83a60003
modify cpO[Ge 3203y $EqS 220305 B0

1. Dampers Goga:cd:o0pd pneumatic type [9d¢) functionality saes, fire damper 03,93

(23) gas tight damper 0393 220060052005
2. Dampers gqp:03 group 320305 grz02Gs group 330805000 control cpS0pS

3. moefgd sfyC fire damper 0269 220305 local switch 006ad:8 bulkhead & 06605
083105 808 §oopSt 32000S¢ damper panel copS damper §eox 3298103038 §esdlon (in
the same room) od=oe8:300305 local switch oc80 GE: damper panel cdl§ switch o3
open/close 3653 2031 8820051 gliqoSmcsd oofgprecd § access cdq wqBEdon
B80S 30905 wcdmebeo

4. On/off indication light 205 damper panel § @oodcopdieomEa local switch §
600500pd:e0mE: §eepd

5. Gas tight dampers qp220R05 inspection cpdg$sE maintenance cpoqs 220305 local

switch ooBdP:oao ooo:@é

6. Local switch 0o69g€: 8oopS damper group 02690d:03 So50d §Ea0p0n Damper o3&:el
actual position status o0pd damper panel § coodcopbieomCs local switch 5

600500pd:e0mE: indication fesqepd
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7. Local switch 03E:03¢ 3a0:0d: close position §es¢a00 complete group 320305 ¢E8Eqedi

8. Control and safety sstem 320305 damper o3€:320305 damper panel 03¢ clean contact

faepd

9. Vessel §, safety system o damper control panel o3&:03 control cp68Equpd [9d[R:
dampers qpz0? 8c5008EqeRd

Fig. 9.21. Damper control panel
22000530 (205 damper control panel &i0[gdo0pdn Indication light o3:® dlg) $662005
damper 80 s20g05f3bg) csmcSogs 069 2968 group 0389 o sacgoBfaoopd ooy
peepé sBoneom air tank [gdoopbn Compressed air 20p5 source ooog) o3 88¢n store
cobamoogSi Power failure [36o0mmedl G&eBe air woneo§ damper 805q§ temporary air
supply 68800051 Damper panel 320858 320905 pneumatic tubing 0o8c8&:8 §ooSn
520905 88z damper 5508:08:03 tubing G0y FogoSognraooSi 6323050 0E[E3ESAh Damper
panel 6$005e stainless steel tubing gqpsoopd damper 2293:08:§ actuator qpzad connect
08q§ 990305 [3BoopS Damper panel sa038:cp8 pressure regulator & supply air

pressure $C operating pressure o §§p3 $¢20001 00§ 3:0dgg air reservoir o coneom oo
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880005 10 bar eoody cgodecy §§: damper actuator gp:codonGOY 6-8 bar
G050 (962005 adelopé pressure regulator gpzadsadaodi

Fig. 9.22. Damper control panel installation
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Chapter 10

Gas Detection System

Refrigerant leak detection 20p5 refrigerant leak [g6clon system o3 qod @& 320305 odsfgts
4820051 80> adfgBien direct expansion system 320305 [gBo0pSI o308oq0y eBeEads
refrigeration provision plant 320305 2280 32034go0pdn 9deo0dcopds DX 0sd0d adeoon AC
units qpzaa€aopds ad§Edoopdn ad 3a0p chiller room gpopE gas leakage [gddlon sa0g0bonmy
8§ 8608 5203050055 3205005

System o0d9apE controller 0od9 dlole) 1channel, 2 channels, 4 channels & 6 channels system
000fyt, §3oop5n Gas sensor qpioB SBeBfgl: [iBoopn own - m208: g 0§ sensor g 9o
c8328Cln 6 channels controller o3saa9dgs] 0266dln503 block G cBa0pbi ©uPEddlm
alarm o8es005 [§6eame[o3ré [BaopSi HVAC system 520305 chilled room 038 sa03ge3dlon
sensor 00b9axn c3326¢] 1 channel controller s3cqiE cdec5000N Gas sensor gpsaopd
refrigerant sa§jgea00: 320805 000505000000 Power supply 3365& normal feeder ocozClon

power fail [458E20[q& UPS power supply 9cozconieag §oopdi

Normal condition o3¢ controller ¢dl¢ indication light coosgpsoopd 3288:eepE B:acu: coliesepd
[96[B: gas detect [46[§ s3do> alarm cosg) indication light co0pd =28&seeple =a8eepl o8
elgpCiognicocdendi Alarm 20pd VMS (Vessel Management System) o3copb:s Jeosao[gl
operator ¢ o8888[8: coreepad 0Bes0sd (Boopdi 320guSe00y fix CWE8EAM system shutdown
00983 [g888[: shudown o8 8325810 00595 leak ofgbe3238 [yfyBaead

Alarm type 2005 2 level alarm [3®¢] low level (100ppm) 205 automatic [4dg) high level (1000

ppm) 2005 manual reset [gdoopdi 6IM0503E eedfyoonieon $aopd refrigeration system ogé

ads0008000 Olgbe) application ¢o HVAC $& 22070p o€ (9620251
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Fig.10.2. Gas controller for 4 and 6 sensors
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Chapter 11

Differential Pressure Monitoring System

ocoed (Fig.1) 20pd room pressure monitoring system 330305294g8: 99000 so0§:0p8:5C
208 () pressure 0oy esep $69§, Bz opfgrgEd [9dod differential pressure
Besdlges [gdo0pd 00d§), 208003038 pressurized [gdesdep Googpe§aa0305 monitor (r&3
[§620p51 pown - battery room o€ negative pressure (or) wheelhouse o3¢ positive pressure
[g9des0m  Googpeogioopdi  Bseoged  sacgudonony  A38Ceoqf  3efiadopE  mount
50020000

a903C pressure switch & Pressure gauge dloGoopdi Pressure switch 03¢ setting 03 c§a06a0005

9508 88q$ adjustable screw eoodloopdn  GABfogpdd  meedlan opee:  [ydooRd
20826092005 Gooopoy 89 50Pa eaonod differential pressure cod:ecofoopdi Gauge &

switch o3& process port Goo:epgoned (+) coazaMm3, (-) conzaM(geoEoEdN

1DV, 1 GR.CD
Clu_u GR EFG

cL il
(1) bor] RAIN TIGHT (EMCL.3)
(.69 bar)
LB

=)

SE WITH FLAMMABLE
NRICHED MIXTURES.

SOUS TENSION

Fig.11.1. Differential pressure set & pressure switch alone
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m:6dE:mneom High pressure side § connect cpdeen [98[G: 325105 oneom low pressure side
538005q¢00ll powd- 2edion positive pressure s3qE gauge § switch oo (-) coogar sagiEsqts
tube 3005 [GqC tube oF =eksa[glod  aodoomcBodg  (+)  cvopamadcopd:
260IE:qC:e005(8 open end 22655 3205:00¢0 83203C: con§d [9daopdi Differential pressure
o3 pressure gauge opE[qescd8,6pdi :50§:0003¢8 overpressure duct $& pressure relief damper

ad00080l0 3qi€a3 50Pa weeqCs damper o3 adjust apE§Eaa0s00pd

Pressure switch 2005200503 flow switch 32653 09:8E600:00001 pows AHU fan §, 3208 32005
§ pressure difference 030300 §§32030509:00001 GE:neom fan protection 320305 [gda0pd
m6lopEiondegelopt air flow ©§od [gdfyd flow 32qB:5pd:e5005 low pressure GlopES
[36[9® fan o3qdeoqs [g620o5n Carrier package unit o3& 02690800003 Fig.11.3 03€[r305,

Fig.11.2. Differential pressure monitoring system at wheelhouse
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Fig.11.3. Differential pressure switch on Carrier package unit
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Chapter 12
What is Noise

Noise 2005 HVAC System o3¢ saeegdlean factor ood9sacss copdogls oionqeag §oopdi Fan blower
elopEfgdediconeam s0nd¢| (52051 poes AHU oodadeel blower ¢ vibration & noise 20p5 duct ¢ooe0g
320526090803 Gepod2:00p01 AHU room $& 38:ad: 300§:6030000 & effect 0 S[Bs dqoopdi odelopE
GEem008:qp203 (8t 0gBode0di

Vessel 00p0 o0uS Class §, rules and regulation 6ogo3c30dsn [§ 0opbesonodecd o00d region ¢
operation cpSecd omeogzeed vapd(Gs noise limit cogaopSeopd: elypEscdaopd

IMO A468 criteria 52 noise limit 20pSes005d 3203E: [gdoopd

Area dB(A)
Work Spaces

Machinery spaces (continuously manned) ** 90
Machinery spaces (not continuously manned) ** 110
Machinery control rooms 75
Workshops 85
Non-specified work spaces ** 90

Navigation spaces

Navigating bridge and chartrooms 65
Listening post, including navigating bridges 70
wings and windows

Radio rooms (with radio equipment operating but 60
not producing audio signals)

Radar rooms 65

Accommodation spaces

Cabins and hospitals 60
Mess rooms 65
Recreation rooms 65
Open recreation areas 75
Offices 65

Services spaces

Galley, without food processing equipment 75
Serveries and pantries 75
Spaces not specified ** 90

** Ear protectors should be worn when the noise level is above 85 dB(A)
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UK HSE (UK OTO 2001 068 Noise & Vibration) noise limit

Specific work areas of Offshore Installations dB(A)
Workshops 70
General stores 70
Kitchens 60
Control rooms 55
Offices 55
Laboratories 55
Radio/Communications rooms 45

Sleeping/recreation areas of Living Accommodation on
Offshore Installations

Washing facilities 60
Changing rooms 60
Toilets 60
Dining rooms 55
Recreation rooms 50
Theatre / meeting rooms 45
Television rooms 45
Sleeping areas 45
Medical rooms 45
Quiet rooms 45

UK HSE 2005 Spec. J[g&oopdn saeog3a[0d| 32q Cabin eogopé within limit (45 dB(A) s2038: qfq$
o0guSeor 326058 6dliafgpoS qeuood

Equipment selection 0coSmonpdian noise data o3[0305[8s eg:eo0pdn 0sdoeom design gpiogE double
line drawing (working drawing) firmed [gdog>d§ 303 Acoustic consultant &893 & drawing

60R5C320p blower §, noise data copd[8e calculation co63Esqo0p5m 9005 class requirement o3 follow

965 8o elgpe] consultant 3a(p3eos00pd esepypopt silencer copion§om copd line duct (acoustic
duct) a%20080m a%:006q20201
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Fundamentals of Acoustics

Sound & 00500056000 326[gd Fa6{oFPEs3a6p P 2Bco:20E200N

PO 0069 6g,qPEaEm 328l GroeedcBoyE caoieozn?d 0988l axdieo(G: saadlyded oaopdi vy,
2205 26dl 3B[gEs0sc0pde| 2000 amplitude, frequency (wave length) and duration of vibrations coRg,

function o3[gdaopdi

Wavelength

Amplitude

Fig. 12.1. Amplitude Vs wavelength

Amplitude of Sound (dB)

205 220508 (03920005 e8epogt sound wave oo §0:0p5 03 §odeodogazoopd Bsanselopt [yboopdn 8
Sound Pressure Level (SPL or L) o3 decibels $&esdjgaopdn

A decibel is a unit for expressing the ratio of two power-related quantities equal to 10 times the common
logarithm of this ratio.

Eq. 1: Lp = 10 * logso (P*ms)y/Po’) dB

Where: Po = 20 pyPa = 2 x 10-5 N/m2

Equation 1 can also be expressed as:

Eq. 2: Lp = 20 * log1o (P(ms)/Po) dB
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Sound Power Level (PWL or Lw) 63c0pds dB unit $0 codjgoopd 32[good: SPL $& confused [ydeooodi
PWL 636320050 9203E: cudlg §E20001
Eq 3:lw=10" |0910 (W(rms)/Wo)

Where: W, = 10'? watts

Sound Pressure Level $& Sound Power Level 03 0005c33[apeds §2300p5005?
Sound Pressure Level 20p5 "effect of the sound" oBesBgoopbn Sound Pressure 20p5 sound source,

environment of the sound source and receiver 3363l 0g€ @oopSa0pSe

Sound Power Level 20p5 " amount of sound produced by a source” o3e5lyepog 8:00p5 gEooS

characteristic of only the sound ooofgbg) environment $& 20058384 oficon

88qC:cuCieant 100 watt 8:d: $& powd cosodiens [13p5qesa0En 100 watt output 2005 source §, sound
power level 58 saconicep$ o B, 3a008r09pS (ight) o 330813, cepoiesy [FoSq [§E880mon
sound pressure level §& 32002100008 caG0oESH st 8 Siecoed Tc0SieapEad 3B comcSogy
c0gqEeoco (g8 8icdxd, opoSoorgacsn wattage 90pS saclipBisacd of spopopot [3BoopSr oBaiop
o8 sound source 58 8fFs Siec0e00 329303 8 oquSeandys [Eprgecoecs [§8fF: sound source &, sound
power level oneom elgpEscde| efeon Sound Pressure Level ao0 environment edlooopde) elgpCade
§oop

26030 0009 ¢odgeon Sound Power Level 03 0305805 oB8:omg] wqd Sound Pressure Level
woneog [4Se) 0R0gI5q 2051 03eqo3 Sound Pressure Level o3 field 03¢0 o3E:008EQ 3o reflection
off nearby objects cogeS oofgps sound source §, 2265705 30905 6oRG[EPE Bagudarradl
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Frequency of Sound (Hz)

Sound level (dB) &3o0pSen 305§, amplitude 3303E:320m [9b[Geeom frequency oneom
32056[opE [gded coneam vibration wavelength §, 3203E:3002 [gdo0pdn Fig.12.1 amplitude vs
wavelength o3 (350l Wavelength 0303 sound 2005 high pitch §[8 wavelength o503 sound
2005 low pitch §oopdi Sound §, frequency o3 cycles per second or hertz (Hz) $& ewdgoopdi
HVAC specifications qp:oaé oam:fﬁ:mu sae‘ﬁ equiment sound level o% octave band spectrum
0089 3655 cudjgeny §oopdi Octave band spectrum oodgen Clo€o3 eight octave band centre
frequencies 20p 63, 125, 250, 500, 1K, 2K, 4K, 8K (Hz) 03, [gdaop5i

Certain frequency ¢> sound El wavelength o speed of sound in air (approx. 1100 ft/s) o%
frequency of sound $& o2002:6000 00§8: [gd200i

PO - Wavelength of sound @ 250 Hz = 1100/250 = 4.4 ft

Adding Decibels

Human sensitively to sound level difference o (amplitude) 3dB change [gdgacorodad a80oud
s8§econcSom [48¢i 5dB change [3BogaiqS o8am [y8a ao0800m8 ogafds 10 dB change
BqCeom madoqdecnty| §, $6s0 (doubling of loudness) oo B [gdagoioned o
BoncSi

o05c sound source $89 (sound power level 88 dB §ea fan §89) c0ooGE505 operate
0665 856903 adlEiocnn: (88+88=176 dB) Slo ©up0d 10 dB cobedlsecms ?

0890 v0Sdonod meden Gefyooncd, 305 oycSeandyl § §8e0 Boxon 10dB
amplitude change 036 &3c80odl Decibels vasd0 logarithmic scale cdlend 326[gd[3s

e6dlgo (9903 220305 8 sound source $6903 logarithmically 3260 6dlEqe [gddlonoS
6dIE:d eedgjoon 060 6820050] 3203Egd0pdN

Eq.4: SPL(1+2) = 10 . log10 (10SPL1/10 + 10SPL2/10)
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Example:

SPL;=50 dB, SPL,=50 dB
10°"/1° = 100,000

1057/1° = 100,000

SPL(1+2) = 10. log10 (200,000)
=53 dB

é]o% @p_sv@oSo@qS two identical sound sources eé]&[g&oo double the loudness e@ﬁcﬂu

Amplitude of the sound oo 3dB Go3:0g0:02 (962005 Slon elgdoeaad 9800d edecnadom

change [gbagasgsoti
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