comi00503% Chapter-4 Zoning Design Considerations

Chapter - 4
eSqp3ler:q$ 0elgdqepd 83E:30qi05qps(Zoning Design Considerations)

Cooling load o3edqEdspdsgpiod  wecpamed  cooling load o0gadgs  cB=ab20pd
0P  SignooConqaopdi  aSqp:dfepig  320[gdaepd  8&Eaaq0dgps(Zoning  Design
Considerations)2op5 cooling load 0058320305 88262005 Fag/058a0005¢p: [§daopdN

Space 0obp=m0pCsy  spodgopsaqjeqfp(different users) $&  Beabqodmadjsqjs(different
requirements) §es$Ea0p5n Thermal comfort GomEsao0005 comieoqs system control crSo00ee4)

ondeseps ondesep Beepigodauden cB8sq)d(independent control cpd)8E3:0E 8&E:qpSoonzqepdi

sadigopqpiel  a33a0g0dgps(users  requirements) ©opo8o0pd  space  qp320305
independent control [gjeoS000:0005 Gsep(space)ondy Bowrcd esepsae(group of space) 026903

@& (zone)op Gelaodi

G.0 @§(Zone) s00p5en

"Space” 8300p5e> G5epondy Bowrdd eeccd:BEl eGPy [g60d S&gpi(walls)
a3o0pdd [m36seC:qps(floors)sE  3Edgproongleds [968E0p5 eroumPlgEq(aircraft hanger) o3a3
oqoS[g&o0pd esepqk [§08E003 oqdea0pd §resiccbondocupds [§68Ea05

"Zone” e32005¢n HVAC system o€ 0069080020009 330d20pd 038§uxnande(single sensor)
¢ 0B&sqboonsoopd(control)esep [§8a0pdi Single sensor e320p5¢n thermostat 0od9[gd8E05
Thermostat 2005 space 006903 control c¥62001I Besepel 3:OFSD  0305§od(directly)gdeol
2300805600055 (indirectly)gE[gbeo control capboopSi a8 (zone)oodezaogEs] space cdlEsqpigo cloé
8E20081 poen - Geafisalgd saadgoontoopd sacgoqdoopdesepad thermostat 0obgfgé control
06882005

aB32[gE space 006903 323Eqp: 3E:sq) aS00dgE:Bagd 30001 gE:propd: [§620p5N pown-

§roSim[gd 09200050009 20000006903 space F[gd 2005005G: [gooEiedlodyqpist &:0000656p0d
thermostat 0od9[g¢ control cpde) aSoodasmo[gd 2005e0da0p0N [gooEsedladgpist cos0pd Fa0pE:

4-1



Cooling Load Calculations eomo0dp3§,

3C:esepod onfgp: thermostat 0odelgE control cpde) afoodasaslgd 20050050000 aSoodegqtidod
08:00§, system o0d93a[gd 83E: pE8Ea00N sa00:0[gE DX system  qps a3eupod central system o

FCU qpeg¢ a§00deqi€:8od caniesmt [grpd(supply cpd)8E2005

G-J @Sqp: 3fepe{gS:(zoning Design)

eSaadjds(several types of zones) 3[grs8&aopdn Control cpbepd parameter gp:ad =26(gde)
@&33E: [groSo0pd 3209:qpso0pd control parameter gpied F205$(temperature) 8o3Esso(humidity):
eoool  eooogod(ventilation)  eenC:aopdaad§(operating  periods) eeedesmE  omogud(gts(freeze
protection) ecodsms(pressure)sé  seeqgog(importance)od [gdoopdn 308§00pd S298:30§SsE
3adCseo0(humidity) copagi€ aSs693:0[gd a3 {gr:aq) 8&E:06q001

@Sqp: Jlepoonsggtsel 3a8anmaciogpCiaaqgts(common reason)ed thermal load woppd[gs
characteristics o[gps[gCs(variation) [g6o0p5n §eql:o00d 3268000528 (simple building floor plan)
006903 $(G-0)03¢ 632005313203E: ewd[goonzoopdi

No‘gm
NW N N NE
WEST INTERNAL EAST
sSw S S SE
S0UTH

¢ G-o Building plan

Space gpzeil :203com0dmeslzedgp:

N space 6[gpod 206003 godgop0oEa0pd space

S 603003 q[0d§000:0005 space

NE 3264),6[4P0d 20003 qIod§OE0oa0) space
SE 264,607 2003 qIod§26002:0005 space
Sw 326003 g0d§20000:0005 space

NW 326003 qod§0000:000) space

pom[gd eedlgepd 2268000538000 =2000[gE Fee0d0dmB cod[gdESH Z200603E:
$d0p Ga000506c00:0001(a multi-story building, identical plan on every floor )i 29cde30E Gomsgd
005680005 (well-insulated)oonsoopdi 22[gEonod $&qpsogt [gontiedlodgpigo §oopdi (Provided with
significant areas of window for all exterior spaces)i 22680005358 3203855 cp=as05:c0SsE equipment
25p0:c05000§20p51(Low loads due to people and equipment in all spaces)i  6gpo59632:3E:hope
00p5§o0p5n (Located in the northern hemisphere.)

32000006000038  [qootiedlodsl &:0000 esepqpsy eseepladiyla  ma0ud[gtiodelopt
cooling load &[gp&:cd[ge: [gbedloopdn 3203E:38: esepqps) cooling load elgpEicdy 3a0gsspS:00001
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[o23a000gps(intermediate  floors)y  [gEoédsE  8:aopdas(perimeter zone)qpsogE  thermal load
agpE:cd[gE: [gbeclaopdn

652000 Gsagni0dieloypEia038: ognieseomelopE thermal load elgpE:ad[gé: [gdedoopbi
eseepCe p0gps(solar heat from the sun)efo3pé solar heat gain [gbeclaonoopSi 8&E50eh qpbgudeied
(designer’s objective)en opboopdaacfgeeesogt (goceo aSqp:dCfap:q) space qpsmicd:ad setpoint
temperature 03¢ oopS[8d esesmE Bficonigs [gdoopdi Setpoint temperature 8300pSen BqEoopd
320852 30§803 thermostat 03¢ §E000:qep5320§8 [§620251

0505885 650p5 206,0005038  00pSaopd BeloPé  =06g,000503  qoS590200
326,60mE(SE)$C 3266, 6[Pod(NE) aSqp:ei $5¢ [qootiadlodyqp:l eseepladiqt: deqoopdi NE &
SE og€ §oopd space gp:oopd Setpoint temperature aB8:000:q$3o0305 cooling load c330g0d
Bqp:c860pdi saonudelopEadend’ oolgniesepgpiaondonayé apoeapady dqpieamnelopé [goopd

6500052 $03E 652005 26d00503 eepadagad: SE space 1 E space 1 SW space qpzopE
solar heat gain [§9ed§Eo0p5I 652005 326800053861 0o[gr000503 Gepodagniean(since the sun has
moved around the building)elo3p& NE space @i solar heat load caqpsp0:032:00001

98:c3[Gee5§005 652005 3265005000503 GepaSogzodn 33§ SW space gp: $& NW
space gp: 0p€ solar heat gain [gdeol 205

@Sqp: s ecfgdaepd 3a&E:3aq/05¢ps(zoning design considerations) space gps 830:0ds
§:0l:a0pd 3§ 328C:3a[gpi00d9(period of solar gain) solar load q§e300p51 a86a05 e[gpodo00dad
Q055902005 space(N spaces) $d9ci load 2005 0305805 solar heat gain ogdedleon (two N spaces

have had no direct solar gain)i aelop& oBaSei cooling load 20p5 [gEusapd§(outside temperature)
$C internal load of sacdlog€an gonpSoopd

Table 4-1 Examples of Spaces and Zones

Space Zones Reason for zones
1. Audience The audience area requires cooling and high ventilation
A theatre seating when the audience is present.
used for live 2. Stage The stage requires low ventilation and low cooling until all
performance the lights are turned on, and then high cooling is required.
1. Spectators Spectators need ventilation and warmth.

The ice sheet needs low air speeds and low temperature to
2. Ice sheet L )
Indoor ice rink minimize melting.

The space above the spectators and ice may need
3. Space above . )
moisture removal to prevent fogging.

People by the window may be affected by the heat load
1. By the windows | from the sun and by the cool window in winter, external

factors.
Deep office

. The interior zone load will change due to the occupants,
2. Interior area . . .
lights, and any equipment — a cooling load all year.




Cooling Load Calculations eomo0dp3§,

Large church 1. Within 1.8 The occupied zone is within 1.8 meters of the floor and
or mosque meters of the floor | needs to be comfortably warm or cool for congregation.
2. Above 1.8 The space above does not need to be conditioned for the
meters congregation.
1. Lobby
2. Security
Airport . This is a huge space with a variety of uses, and
3. Retail outlets )
extremely variable occupancy and loads.
4. Check-in Each zone requires its own conditions.

e[pad20q003 giod§0e0c:0005 space (N space)$6903 a§00d93a[gd 200500de) thermostat
0069005gg¢ control cp68E2000n Thermostat o3 N space $690505 sas08e[goopd esepagt odeod
%(‘Soop_Su (These two spaces would then be a single zone, sharing a single thermostat for the
temperature control of the two spaces.)

S space $890RC egr0dmYE0E solar load gpsgpsoleepadlgEsdq(high solar gain through
the middle of the day)q) oppBoopd thermal condition [g6edloopSn S space $6903 thermostat
006900p543E B8:q)68E20p5 300096(03pEe86005 solar load $&on[gp: load (similar solar and other
loads) opp8eomalopE [gdaopd

o$ space gpigdo0pd NE 1 SE 1 SW $& NW ofop¢ ojfgpieomnsng§qps solar heat gain
oqqfe [gdedl (different solar gains at different times)oopdi Space gqp:od setpoint temperature g8

0881000198 200305 03053E thermostat 00698 code0oonzg§ cBab051

Solar gain a3[gp:d03 c30de) spaces (©)90gC af(6)as(six zones) §8EaopS Solar load elo3pé
heat gain o3[gps003 F06[gde] eSqp:ad Jlap:aopdspdiod eudlgoondgtlgdoopdi coodeoy macfgsacsapt
05 C)eé gabaa0305 opforoldicd sacpiapiEaopd

@& 3266320305qP:ec0 control cpdeS3a0305 crSoyE&odypiecy [§daodi

N space $695& NE space 006903 cilC:d afoodaSmlgd 000500588005 sa00ude)
$s0dememagSae NE space § 325p5:c050[gE:03 c00598EgE(overheating in NE space in the
early morning would be acceptable)i celopE N space $& NE space qpseaog05 thermostat oobeofq$
esep(location)aopd  8a8mog0pdn cuopugEgé aS§a0pd3edl REIeEE0REYP:aR)  GSEPOd
Beonseoro0pd505:(generally better to keep the majority happy)od sac[gdecg §oopd

doSangé 83Esno0pd thermostat o3 N space esepogt 006e08am:cd8ebi a3eood NE
space esepopt =a6eBipd|coqps(high-ranking executive) §esepdop oBconcgC thermostat o3 N
space 03¢ onbsoopdeaen: NE space esepagt 006808qa866di

aB320p S space $6e5epsE SE space 030005 e50p53§803€ solar heat gain g§dopa3(they
all experience the midday solar gain)eooelogpé GE:o303 cilC:q aSoodrE3a(gd 20050058E 05 SW

space $¢ NW space cOlC:ooms00pd a§0000 egcoudmeqi§(late afternoon)ogE solar gain gpsgo
q§c86w5i

4-4



comi00503% Chapter-4 Zoning Design Considerations

¢3C)pmlgd Fooiepy ¢3(p)9ma08 caqpqdteadoopd gdedoos oydSfghanfsbiles soeq
DR $p50xigle)eloPpé 30§ BS:q 08 Ea0pd(temperature  control ¥68E005) performance
onjeos §8a0pS Performance $¢ 0803080503 gooesnt §§a3[gC:0pd 8&EsneomEsode 00k
[§6 20051 cr§oedod(cost) cagpspdicogs @SaaspdicadSom F[g8iaopd vnded8Ea0d (unacceptable)
performance [gdedleoG: [gocosogp:  [gded(potential  liability)§Coopdi  aSqpsgo g0
(excessive zoning) elopEaopds mSoqo§oddgp:(increases costs)aon§Coopdi [gg€ aB8:8Gsqqp:
(maintenance) [gjcpdg$ 3c83262005

aSqp:od 2agudsaoeonicodesnt Jefepieco comfort 1 IAQ 1 relative humidity control
Beomiecw [gdoophi a3ea0d onbsoles mSoqedod [g[gEadSi86:qs crSoqefod Jgpieco
[g2005

G.p Interior and Roof Zones (32038:3E:055¢ clE3:afyp2)

;60 00:0005¢ 6lgpdooboe 3] 0q832005¢pemindseil cooling load vwran opBece§oosdi
Internal zone $& spededimcodoopd ealCScizanyzaondeepadg(effect of the roof) sacloypC:
80050005 gEdgoonzaopdi sacoudood(intermediate floors)qp:ogE conditioned spaces gpon of:d
com:000)  200p8:3E:@ (internal  zone) §oopSi 3203E:3E:aSqps (internal zones)eBa3 solar  gain
voeepoddteon 32632:38:(cool climate)esaod 22680005384y :[gE3EsaSqps(exterior  zones)
amsdopC heating (pde$ 83268038 32098:3C:s aSqps(internal zones)3 cooling cv6e$ 88362005
mefgmesdfe [§0coI8E001 00bspdimndgE heating $& cooling 0o8BEscd [grodes cBsad[gé
{§Boogor cboogSy

2038:3E:psqps(internal zones)sé 2a[gESCspsqps(exterior zones) [gipd(behavior) o305
26| 9B:a0§(separate) system 006s0EQESE c[gqC:8Ea051

326060100068 aSqps(top floor perimeter zones)gp:ei cooling load vedan 205 Zac00d0E§
@Sqps(intermediate floor zones)s& woppBeon saedladezacod(top floor)§ 3203E:3E: aSqps(interior
zones)d egepad(summer) 03¢ @alE8s(roof)e solar gain gpsofeepadamn(glis eeonaepaB(winter)s
32090:q9:(heat 10ss)0? [g6edlaopdn Belopé saedlademacon a&8&Egiapd (top floor zone desing)
§pogE cooling $¢ heating 323 (additional) cpbeoig$ c3zab00p5

@&(zone) sogudmontegequdfes @&speqEaoR05 2005005(gE:a0pd  cost/benefit  trade-off

issue [g6oopdn sacomEiad: saclgmacspen RoREimaog0d 9Hd  [3D56005300)  =p§Ecd
§$000:9$320305 03003E thermostat 00898 cozcosgEs [§BoopSi (In an ideal world, every occupant

would have control of their own part of the space.)u

838E50qp:00pd @8§2005005[gE:3 olgdees [gpdeaopdi @&depdgts (zoning)oopd cooling
load 0g05[gEs system 8&E:pd[gEin3gonde [9620o5n Solar gain 0o690005:03 =26(gde) @&F[FP:003
320005038 polgé eod[gBgdaopdn Beadd cvndeoy saelgeeesozt aS3lep: 8320305 macfgsacs
290200056018 qgdad 356[gdqoopdn aSSepiepoge Fagpads 320g0Rd 3ag05gPs(common
factors)o? ee0503¢ Gwdgoonzoopd
Thermal Variation
(o) Solar gain
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Cooling Load Calculations eomo0dp3§,
665[ga0pd pown [gontiedlade ofeepad(through windows)aonaopd solar heat gain elopé
cooling load gqpsgn> &[gpE:cd(significant difference) §Ea0p5 Cooling load vedari [gooéeednd
(window ~orientation) gES§o0ep  32q003  @ooodq] solar heat gain [gdedlepdme§s
G@o&cﬁooéu

() $§(wall) 3005 eslC:(roof)e [gdadloopd sa9oP(al:(heat gains) Bewpdd heat losses
:2000[g¢ 3268000538 ¢ps(multi-floor  building)ogé  $§(wall) Boopcd @alESs(roof)e (9

edlo0pd egepad(summer)ogé [gbedloopd heat gain a3ewpod esonepaB(winter)ogE heat
losses 0eN20p5 oofgp:§&0pdeacodyp:) space qps3 [gdedl20pd Voo Sgpzoodi

() Occupancy
Space 03 220%4g|0s¢ temperature control o3 GomEgd da$ ee ) 030005 a&3[epdgt:
(critical zoning)saedl cg&s3:8E20051

() Equipment qp2$&o005a3E2005 heat load (Equipment and associated heat loads)
205:098:§ P00 0&engPoopdzEREor 035:002:8EqSa20305(in order to maintain a
reasonable temperature for the occupants)sapalgpadqpigrogadb§Eand equipment o3 B
@S0ob9m(gb(separate zone) F[gpzaonzaepd

powd - Brookgrasigpiod 9ellC:d asodasmo[gd 2005¢0d 8001 mpSyjlomgpsE server
QP20 00200pd1 329§:03 93200808 00d9=[gd 200560058E 00N

(§) Freeze protection in cold climates
GeonCsepadpop(cold  climate)ogE  [gEosdqps(perimeter walls)sC  6alE8s(roof)odad  [gode)

ogps(heat)  3agE(outside)ad  ads§:oopbi  Belopé  [gEoeSgps(perimeter  spaces)od
2038:08: esepyps(core of the building)e F¢) 98:00& heating zones 32[gd c005ec520E200N

Ventilation with Outside Air

(©) Occupancy by people
O0SaigC  qreSimneaonndaad(office building)qp:ogE  cpaBboopdeg  (population  density)
§6600§ opdn 9Beodd maopSimacoed: (conference room)qpsogé §8E8a0pd cpmeqEao0d
(high potential population density) qps§oopdi adelopE ventilation load sadjede fgpEacd
(variable)§Eo0obn  Conference room  gpsadcopds  crooecoogad(zone  ventilation)$é
3200q| S (time of operation)o3s2q) a3{gp:as3a[gd 20050adE0p5N

(Q) Exhausts from washrooms
ao§olesa 336000 (washroom)gpzo? Bsepses(separate zone)mo[gd c0059050E000N Exhaust
system qpz 00O6s0Coonqs Goopdn Exhaust air =:ofgd eds§rognioogd Grogpsmeon: a8
0&:08§ crogpon 20203t 0Ceepodancdgepdi (The exhausted air may be made up of air
from the surrounding spaces.)

Equipment $& fume hood qpse g&cocSqepdecogps(exhaust air)secod fan qp:o? 28005
o[god ewnlies(operate  continuously)g§  3=ab00pdi  sesoNdIPIgPIp0d  GegS
32098500 mradi{g[eeandaopbs(although the majority of the building is only occupied during
working hours, Monday to Friday) exhaust fan gp: 3280056[g05 censeoiq§cdooobn B8
space qp:e GEOEP:0? 3280056[qodgScood(continuous exhaust)g$ c3=60qi¢ Besepgp:ad
o84gpscd (separate zone)za[gd 2005¢0500E20p5N Jewpod oBsfgp: system 0o6s0E0E 00N
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(even service them from a separate system.)

Time of Operation

(o) Time
3268000530832038:§ space gpsel 32054gjpopd3a§§ (time of operation of spaces) eopoSo3eor
e =:[9d =oadigoopd esepqpioopd Gedoptor  32034g85epdt  on&ons(canteen)
D§050p08iqps 368000520830038:  sImonsesePgP Gym gpiod §i§Seurodaopd g
qpopt =paddg) esfoc8gepdn FCC room 1 MDF room $& esomeComgps (JG)§o&oodad:
:[good:(24 hours a day, seven days a week) 32035gc8660b1 AB03ad esepyp:o? oSdap:
@Sqp:ea|gd 200500560iqeRdI

(J) On demand (c332600p52e§§¢000 320%dgjoopdesepyp?)
00g]|,6000 G5ePYPE0pd A33a6a0pd3a8l0om 323y [300p5 manual control a8ewrod timer
[5¢ oeentsgEs qbon§gls(start/stop by timer) [gap&aopdi pows- auditorium cdesepgpso?
a8so0808 (separate zones)zo[gd 2005005qeRdN 8206009 =adleoon  320d4g|(switched on
when needed)oaéu Occupancy sensor 1 manual start switch in the space 1 runs the zone for a
predetermined time 02005 $pS:zaqjrqlE[gE cwrE:8E00
powr-oogradcS(university building)e ©>00Ce§:(lecture theater)od 000€§§5000 =eaddy|
aopdi Air conditioning g&c8aopdaadl push button o3 8£6¢) ¢S (J)§0§ o3eupod
()58 opGieg005 308360qp0d Bodaz2:08860

() Humidity

933051 8052005 paBpor§oopd esepyps(hot, humid climates)og€ dqpe(mold) [gded[gE:od
onRedes cB3pdo0pdl 033051 §godacpdepaB(hot, humid climates)ogE  ssGE0N0S3TH

20p8:03 $dgps(walls) odskgps(doors)sE [gooCsaclod(windows) oaopdesepypse cq$ieacg
(moisture)gqp:  infiltrate  [98[gS:clops  cqeqeg.gp:  F0§:32038:03  oeepad(leaks)
cnfEoodi  esepgpie  oofeagdaopd  dehumitification  ofgopdden  dqpr edlodgo:
qpegpzcn8Ea0bi

@80009q 8 (individual representative zone)og€ relative humidity o3 03&:q8 320305 humidity
sensor gqpsa? 006s0C0oerpfaopdi o3 sensor qpzaopd humidity o oBC:q) zone socpE:q
system-wide dehumidification o3 ocwr&:eoo0pdn Ventilation ©cw633  dehumidification
cv68Eae=n¢ control system qpzo? design apSoozoopdi

[gododgps [ge§s(museum and art gallery)qpsS unoccupied hour gpsogE 8o3Esso aBS:qIO[gt:
(humidity control) com&sgo cpbeuiqepdi

[goBodqps [ge&s(museum and art gallery)gp:S 030312005 humidity control cpbeozg§ cGoopd
a3eapnCypss [goss(storage and exhibit areas) offices 1 restaurants 1 merchandising $&
lobby area csepqp:ogti [gododgps [goss(museum and art gallery)gpsS csepgpogE humidity
control c3326g05e[opE humidity control system s 026s0Ea0p§o0p5n

(g) Pressure
BamigCoopd(higher pressure)esepe Gogpsoopd Bsa§boopd(lower pressure) esepad
:03zp609p0d B:e0€:030:00001
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Cooling Load Calculations eomo0dp3§,
3268000533 (building)socglsy  eoddop  dofesoopd  sspodsscloggp:  eg.aqpiat:
(movement of airborne contaminants)od a8&:q|6(control)q§sacg0d Bsantoplgpig(pressure
difference)§esE [gopboonzaopdi pows - esosg(hospital)oa cBoBeepdlooobyp: condep
sooSs(tuberculosis patient rooms)e cBoB3sgigp: GonoodofioyE esepyp:adad ¢4 eepad§
a30egCeqft olgdedleoq$3a0305 coniocdosioniEesepypioond(compared to surrounding areas)
Baom30500:c0086656330E (kept at a negative pressure [gdesanE) [giapboonzaodi

B:8aqpqps(kitchens)  caosc86eamaSesigps(smoking rooms)sé 3&aogps(toilets) ©0pd
GsePaPie I43iqps oofgpresepds veepodeoqs(contain the odors by exhausting more air
than is supplied to the spaces)3a0305 Gro8amsgbieant ofewpod negative pressure
[g0e320¢8 [gjroSoomzoopdn

e0500coEes0:00p) IS 06:000e8:(photographic  processing  laboratory)  gpzogé
26Sqps 0Sqp: 0Ceepodfglse 0m0gu5gS320305 (Minimize the entry of dust)eonsefaqpscond
32501005 8373342308 Bewrdd positive pressure (06308 [Grodoozaopdi

Zoning Problems
@Sqpisé  0005a88a0pd  [Goo0§00069en  32680005508303q0  elgplicd[glis  layout
algpE:cd[gEo? [gBoopd

G.G Controlling the Zone (a§4p:0} control cpd[gts)

32002qP:00p0 @& control 03§oxoddjs(most common zone control device) ¢o thermostat
[g©20p51 Thermostat gp:oB 006s08qS esepegegda0pdendl afel 20§03 [§¢8esmE eudg§toopd
e5ep0d egequdqepdn Thermostat gpo? $§edlog onbso&(mounted on the wall)oor:ecp§oopdi
20S oelgptsad(constant temperature §§)e320¢ 8&E{g|poengooS

Thermostat 006908q$ egep(location) Gggda0pd928l 6330053l3aq105¢P:03 copdagE: odiens
20&2001
(0) e5eepEadoopd esepogE thermostat o3 od6soCoondon 3208:00p5 332600050005 Jema:
e$c860pSi (Mounting the thermostat in a location where the sun can shine on it will cause it to
overcool the zone when the sun shines on it.) eseepCe radiant heat gpsalopE thermostat ¢

0052005 00882(320§52005) S[gEes3ded
o@sgé] thermostat ¢ air conditioning control system oSo% ﬁee.gs(warm)e‘?ooéu? signal eos§
(0pcbe0)86epdn Air conditioning system o> ecosae§&(air temperature) 8663nE Jewnts

602860251 07398 wanteagpoopdesepd thermostat 03 02608 coniglialopé Bsbo0p50005
§6235¢ 32%:50380p01 Gesa:6006[oE 005e0E0300(comfort) ofgdSEeor

() DB0005§ seefiqpiopl thermostat o3 oddksn:me8:s oodeoCaoienp§oopdn odskgesaopdsadl

Geoesn: a3e0pdd Gropgp: ofeepodanfgliclops mefimeds olplicdy [gdedlaopdi o3
o[g0e0q$ condqbslqps walk way qpso? air con Gozo:a051

(p) oo, ze0p5c0s08:(some conference) o3ewrod peoseSs(assembly rooms)qp:opE thermostat o3
ogi6068:00005(lighting dimmer switches)3a§:3E 0690E000:00051 Switch ¢ sag(heat)qpselope
thermostat c$epaaE 320q$[gEonadesc86epdn
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() Thermostat o3 [g€os§(outside wall)ogé oodsooorgselogpoopd: [qooosn(problems) [gdedl
8E20081 $§03 e5eepE dBseomaeloé thermostat so:esepozd s20g§(gEoncdesnqiE soofmods
set point temperature o3 ogeoieoq$ control system cpdesorEeodfepdi Bsodl ool
20§$a0p5 set point temperature 0005 386c860pdi 00dspdsmans{gE thermostat 2000 =0 GS

2[4¢ (39§ 00mud[gdedies000d 32080005 Sqp:0bansd:)ad wod8[gE:elope [gdaopdi
eaonCsepaBogaopd: 003l saconiop [gooosodjs [§Oed§E2000N eeontiepadopt thermostat
20p5 [gCo$dopE 0nbs0Eomiglialopé Gem:0000 30§83 wodupaopdi Bodl 0808
(setpoint temperature) o3 [géooodeoq$ control system esorEgodeusoopdn cdelopE oS
32052005 setpoint 32080005 J[G¢ esc8g0pdn

(§) 02dsloodd) equipment o sapgpiclopE thermostat 928:§ s20qS[gEes0005m Thermostat 228:038

computer a8ewr05 electionic card gpselopé printer o3elopE thermostat 20pS s98:320§8503
000593 J[4E20pd 320q$03 ©¥058come[rpE [googogp: [goedlan§Eagbi

(6) Thermostat 03 ecoogodednd(diffuser) ez0503E0p5: wonbe0Ea0EA Air conditioning system's
air supply 20p5 thermostat ssed o3 o305§05 godeusesaopdaasl thermostat 20p0 o0
2050005 3860000 2:0FE03 050866 ABmaesimngSaopd set point 30§8c00d Jlgé
650860051 95305088651

Q) e83[gCssC thermostat oobsolq§  esepegequdgodaogd sagfesacys  0bsondesa0dN
005603, 226[§326503¢ thermostat 06s08q§ c5epa? 0o68londE ACMV 32EqiE80m wupcdopyp:
egequdenooopdi  powd- 8opomgps interior designer gps Bewpod JEqEqps dBubo3Em
egeg|de0z0pd

(0) $§ogC onbeoEaoniaopd(wall-mounted) thermostat qpsogE control system $& §ode00dqS
600005 Alo€ooobi gaedladgps(holes) tubing 98ewr05 conduit qpse crogp:oCespad§Efges(allow
air from an adjoining space) go5§2[0305§ eroogadedode erogps thermostat o3godesgselopt
thermostat 20p5 c3¢n:0005 signal qpsqgj(ceiling to blow into the thermostat, giving it a false
signal.)$&a005

G-§ Humidity
Thermostat qp: 006082000 esepo0pd temperature control o3 [gooosn[gdeo8Eona3ad
humidity control o5& humidistat qps 06s0E0pdesepejopEaopds sacunion [gooosogp: [gdedl

§E2005

2003[ggs 3290500090 20§ (temperature)[gGooodagE relative humidity ogjeo8sagnzaopdi
80330 20§ 8oyeot:aqE(temperature falls) §adEsso [§EonaS(humidity rises) conc8wbi

6.6 Cooling Plant Load

Cooling plant gpszaogad 8&&:cpdeepd cooling load o3 3268000520832006 [36cqE cooling
load software o} =p0ddge] 0g0P8E0Y CVES§ 20680005333 [gdcqIC energy audit esom gpse
§§$E2051 Cooling load 20p5 22680005985 [gbe0l2005 heat gain [go0pd

0p520p0505:03 aj00p0[gbee cooling load o€ 680054l heat gain gp: Aooopd

(on)Outdoor air load
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(®) System losses/gains

(o) External gains

(oo)Internal gains

(c) Zone load $&

() Peak simultaneous building or zone loads o3[gdaopdi

G.6.0 Outdoor Air Load

[g€oerosap§§(outdoor air temperature)aopd saefisapdS(indoor air temperature) cood
QlgCeomefopE cooling plant c332600001 cpgp: eroeomEiecoao§ges Indoor Air Quality (IAQ)
eomlsgfeoqs 0o0pd saclopligpelopd 3:eemncdmd Bewrod 083203893 [gEosco(outdoor
air)gps copdeigs a33600p51 [gEoerumapgs (outdoor air temperature)oood se:3a0S (indoor air
temperature) 0005 G[géeomelope [gEoeco(outdoor air)eusgtsaopd heat gain o3 Sqpseoom cooling
load copbs qp: coc88epdi Belopé copdeo:aopd [gEuecu(outdoor air) sa5pS:3aP: VEINO?
c805q) cooling load c3a5qpzancd8epdi

G.6. ) System Losses/Gains

Fan eobome ogodoopd saq(heat) gpselopE system heat gain [gdedlconaopdi
eoogp:aod fan a3ewpod blower o3 [gob[Gies005 320§§(0)80§ ©(p)80§ o0EcBnfodmacye:s [gEonad
8820051 Duct 3203858 supply air temperature 2005 duct s3[gE§ 29§t :20§$c00588 eseameoPE
copbs system heat gain [g8edo0pbi o3 system heat gain gp:od coogpg> REdgIES8Ee cooling  load
0088z 08 Se038Rdi

G.6.p External gains
:26e00053861  esep(location)  qodso0epanod(orientation)  0opSeeonaboon0pd  0gods

:§pzeo:(material) [gooEedodgpssizaoyuS(window to wall ratio) 0obso€ao:a0pd sun shade $&

walls 1 glazingi roofs and floor 020p50303c8056] external heat gain 0088z 2505 sagP:aR(gPsadN

G.6.g Internal gains
Internal heat gain gp:o0pd cpspeg@Eaoged(occupancy and activity details)?  lighting
©0g052005 heat gain $E oolgp:eoo equipment qpse 0godeods heat gain qps do&fog00051

G.6.g) Zone load

32680005208 32098098 0SigPigor 3000gPign §8E00N Beodd Fesigp: Za000gP:n?
Bodq) Flepre(padglicond @&(zone)qpsalgd Ffgrelgpad[gEion 36) cofeagPaopdi 3300600690303
@S00bes :[gd 20050058Ea0pSn Set point FpFEor0d  F!eSigpiEInicdiod  aSoodaSmo[yd
20059058Ea0p5n External heat gain 0poopd spefiqpszanicdiod @Soodesss(gd 20050058E2000
P0ED-3200600600635038:§] 3264, 3005656epE  ABdaEoD IWoSigp: IR03  ASCOORSI[YO
2005605 882001 aS00deES §oopd heat gain o3 zone load 83gd 2005005§E200N

G.q Peak Simultaneous Building Loads 98¢w305 Zone Load

@SoobasqC:8el peak load [gedloopd sag§a0pS woppdlmjeun 36 on0deseepe 2003:d
qeones(aefiqpe)el peak load 2000 ¢&:00pd8 [§68C0pdN es§PdMOesepE 32adidqeon

@8 (308:qp:) o peak load 20p5 ¢S:3(B:$S [§68E0pSH BelopE aSqpraaiadieilCs(Gs §oopd total
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comi00503% Chapter-4 Zoning Design Considerations

peak load [gdedlepd ©pdzagso’d BeScBoopdi “Peak simultaneous load” wpcopd: celadoopdi
Sensible heat gain $C Latent heat gain $8§:0d:03 copdopionigs cGoopd

G.® Design information required
Zones

@Sqpizn[gd 3E:3EG:3lapicondglielope maoniofgE aSonbessE ooda$ heat gain gpign
Rlgpogoopdesdl a§odeglidad JeomEign control ¥68E0R0  ([gooCiellodyps  Sdgp: O3
320332079 6od[goon:aod architect’s layout drawing gp:o a§o0deqC:del soubsrosist eSsocq
2R3 030508E001 6§00dase3 AHU oodad: 2Be0rod $60d: 0obso€eusdarpdi a3ewpod fan
coil gpsgn 02680E§E 205N
Zone heat gains

@500d9C:8el heat gain 03 cgedgESeS 332600001 aSygpenjgd dEdgroon:a0pd internal
wall 2005 220§8 ©opBaopd @Ssdemalo3r0zEgrgi€ B wall ¢ heat gain oBcopd: copdozades
83260005

Hourly cooling loads

Zone load gp:od $0§320805(hourly basis)agodqepdi oqdedlogé zone load 0o§:3:qpza? i)
eqeal[gédsC peak simultaneous load o3 q§8Eo05

Approximate peak time of loads 005(Gieg005 @§8:03:320305 C0dASQE:B &1 §0§03E:03
0go5q$0pds ecdzabeon 3pmude) peak time 2005 14:00 hr (g§:c3 J$9§) [§8lon 13:00 hr $¢ 15:00
hr 03§ load odesoifyé cdeanoda0pdi Peak time $& peak load 0303 oSmSg> 0g05q05(Goo0s
[g6clopE:  wodop 88aopdi  Computer software o3  =adgfd: 03053 maximum  load
[g6e0l00pd3a§§03 3a090B000) 288E00
pow

3266, 00508 (east zone) $& 3365§005005aS(West zone) vpq] @SsERE §oopd 32680005
328000903 050330 R05[goon0000 afodaSagi€ fan coil unit(FCU) (og)ad: 0690E00m00051
26¢,0005a8 (east zone)§ FCU 006cd:8ei cooling capacity ¢o 1.5 kW [gdoopdn West Zone § FCU
006d:8eil cooling capacity ¢ 2.0 kW [g&a05

3268000535361 total capacity ¢ 175 kW [g20p5i Primary cooling system s5[g6 fan coil unit
g2 @1 capacity 03 175 kW $E3003 [366320E 0069088 ecdzadeon saonudefrpéadeadd fan coil
unit qps 90:0d:0005 full capacity [9¢ oo[§Coopd: eentiesepd e§SedsEeomalope [gdaopd
@§0009gC:80p¢ [gbedlepd cooling load o} §o§zac805(hourly basis) cwSgoonioogdi 3266000508
(east zone)sC spG§OOSDOS@E(West zone) oBopt $n§eacdadlgdedieonn load gp:od edlC(gye
3268000528038  [g6eclepd building load o3 q§$Ea0pdi Besnod peak simultaneous load o3
038 E20p5 ofjooencpd peak simultaneous load ¢> 145 kW [gd20p5

0qdedlogl  meeonodmBel  peak  simultaneous load  coepsgd  9B[gESE00
32680005338006903¢ :esieilCigpigd aSedigpign §3EeamaelopE maximum simultaneous load o3

038 200305 aSamadel cooling load 68 005§ 33260005
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Cooling loads
160 ‘
140 Building load
120
E 100 k VWest zone
E 80 | T N
S5 60 /// \HH\N\HH\
401 /.—-"' East zone [~
0f / \\ ™~
0GQlalﬂlﬂlalalclﬁlﬁlalﬁﬁDIOIO
L =---E-E- - - E-E-E-E-E--]
s Egge- oo rg s
Time in hours
Time 24 h East zone West zone Total (kW)
(kW) (W)
0000 0 0 1]
0100 0 ] 1]
02:00 0 0 ]
0300 0 0 1]
0400 0 ] 1]
05:00 0 ] 1]
0600 0 0 1]
0700 20 0 20
08:00 40 20 &0
0900 &5 a0 25
| 0:00 75 40 I15
| 100 65 &0 |25
| 2:00 &0 75 |35
1 3:00 L5 20 |45
|-4:00 40 100 |40
| 5:00 30 BS 15
| 6:00 20 &5 85
| 700 15 LS 70
| 8:00 40 40
| 900 a0 30
20:00 20 20
2100
1200
13:00

References:

CIBSE Guide A, Environmental Design, 2006, ISBN 1 903287 66 9

Lawrence Race G, Pennycook K, Design Checks for HVAC — A Quality Control Framework for Building
Services Engineers — sheets 19-23, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7
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G-@ Design Watch Points
(0) Solar gain 0o®900p5:0m !EAB Badq) elp:daopdewnod occupancy rate $& equipment
0320p500p5: 3§08 Bode) egpEicdes|oyoopdn Equipment qpzoopd cpgpeadieesoopdesag$ogt

80500023 standby mode [gbeseoome[opé heat reject apdlog0005

26qE{0Re 0003290500 heat gain qpo? 2§$5E 30d¢) 005953205

() 90§|,600> computer programme gp:sC software o30005 cooling load o302 0R05q05 Goid:
outdoor air load 03 copbagls gedgEd[gt: BlgIRo8E[eu 0o§), G software gpzaopS outdoor
air load 03 copSag€: 0305g0560:§Ee005R0: AB=a62005 information qpsa? 3203307 copdagt:
cog§ 83260005

G-00 Terminology

Cooling load calculation ofgjcpbel saeqg0dioopdssedlsacdl (important terminology)qp:o?
claelobatortozebioby

Space
Space is either a volume or a site without a partition or a partitioned room or group of
rooms.

Room is
Room is an enclosed or partitioned space that is usually treated as single load.

Zone:

Zone: is a space or group of spaces within a building with heating and/or cooling
requirements sufficiently similar so that comfort conditions can be maintained throughout
by a single controlling device.

Cooling Load Temperature Difference (CLTD):
an equivalent temperature difference used for calculating the instantaneous external
cooling load across a wall or roof.

Zone
Zone: is a space or group of spaces within a building with heating and/or cooling
requirements sufficiently similar so that comfort conditions can be maintained throughout
by a single controlling device.

Cooling Load Temperature Difference (CLTD):
An equivalent temperature difference used for calculating the instantaneous external
cooling load across a wall or roof.

Sensible Heat Gain
Sensible Heat Gain is the energy added to the space by conduction, convection and/or
radiation.

Latent Heat Gain:
Latent Heat Gain is the energy added to the space when moisture is added to the space
by means of vapor emitted by the occupants, generated by a process or through air
infiltration from outside or adjacent areas.

Radiant Heat Gain
Radiant Heat Gain the rate at which heat absorbed is by the surfaces enclosing the space

4-13



Cooling Load Calculations eomo0dp3§,

and the objects within the space.

Space Heat Gain
Space Heat Gain is the rate at which heat enters into and/or is generated within the
conditioned space during a given time interval.

Space Cooling Load
Space Cooling Load is the rate at which energy must be removed from a space to maintain
a constant space air temperature.

Space Heat Extraction Rate:
the rate at which heat is removed from the conditioned space and is equal to the space
cooling load if the room temperature remains constant.

Dry Bulb Temperature
Dry Bulb Temperature is the ordinary temperature of the air.

Wet Bulb Temperature
Wet Bulb Temperature is the temperature of the air with consisting of moisture.

Dewpoint Temperature
Dewpoint Temperature is the temperature to which air must be cooled in order to reach
saturation or at which the condensation of water vapor in a space begins for a given state
of humidity and pressure.

Relative humidity:
Relative humidity describes how far the air is from saturation. It is a useful term for
expressing the amount of water vapor when discussing the amount and rate of
evaporation. One way to approach saturation, a relative humidity of 100%, is to cool the
air. It is therefore useful to know how much the air needs to be cooled to reach
saturation.

Relative humidity
Relative humidity is a term used to describe the amount of water vapor in a mixture of air
and water vapor.

Space heat gain
Space heat gain: the amount of heat is entering the space.

Space cooling load
The amount of energy must be removed from the space to keep temperature and relative
humidity constant.

Space heat extraction
The amount of the energy that is removed by the HVAC.

Cooling load (coil)
How much energy is removed by the cooling coil serving various spaces plus any loads
external to the spaces such as duct heat gain, duct leakage, fan heat and outdoor makeup
air.

-End -

4-14



comi00503% Chapter-4 Zoning Design Considerations

Contents

GO QRE(ZONE) SBAOTOED ouvvvveririiictes st 1

G-J 8qP: 3[GoAGE(ZONING DESIGN)....vureeceiirirriesssssie ettt 2

6.9 Interior and Roof Zones (3203E:3E:a85C GACGAEGDL) cvvvvvvvnvrcicieisnisiee e, 5

G.G Controlling the Zone (@§qPz03 cONtrol QROGES) .u.vuvrrirrrrririinieirie e 8

G-§ Humidity 9

G5 COOlNG PIANE LOAM ....evvaveiiiicicsi it 9
G.5.0 OULAOOT AIF LOBH. ....vuvuisiiiiiisiit it
G5, J SYSLEM LOSSES/GAINS ...vvvvereerscssrssnsssssssessssssssssssss bbbt bbb
G.5.0 EXEENAl QAINS ....vuvuiiiciiiciii it
G.5.G INLEN@I GAINS ...vuvuiiiiiicii b
G ZONE I0BA w.ovvvveeivitct it

G.qQ Peak Simultaneous Building Loads 9300205 Zone L0ad ......c.vvrvceeienieieissssisnsesssssssssnes 10

G.© Design information reqUIred..........c.ceeieeiiiniiinii 11

G.@ Design Watch POINtS ... 13

G.00 TermiNOlOgy ..ccuciisiisniiniisiiniisi s 13

4-15



