eomEs0005028 Chapter-2 Basic Heat Transfer

Chapter-3
Indoor and Outdoor Design Conditions

-0 Indoor Design Conditioning

Air conditioned space qps320305 3208:30038: 8&&:32q/0533c005(indoor design parameter)
qp:0d 888:005006s(design document)gpiogé eedlgooniqepdi Design document gpso? 3EqEqp:iad
3205q0p01 32680005358 3EqEqpian Googpgn 9B6s0pb:00ntaepdl :§i3a03E: BAE:3ag/05m00005
(indoor design parameter)qpsod  2005005(specify)epogE  63:05Al  3agIodgPd  copdogiodion:
20&20001

() Project 220305 083260005 83E:3Cep 3agi058CLNAEP:FND03 20050adeE5(gooaepd
Comfort air conditioning 220305 spefinopl: 8&&:mog0dzac0adgps(indoor design parameter)
g€ =0efim0pt: 3208 (indoor air temperature)oopd 328amoyo0pd agEd(parameter) o0&
[g2005

() Process air conditioning system 330305 3200600WEP: 20056000E00daM[gdeowpd thermal
comfort 03 copbogEiod:eniqepdi Indoor design parameter gp: 20050056pog€ cy(occupant)gpse
o$senee; $& 200560mEa0050m[gdeowpd thermal comfort 0303 a6(gde) design criteria qpso?
:DOS?(’SqQé"

(p) 3083098 8&Csapqodzc00(indoor  design  parameter)gpsod  2005905a005(specifying
c062000) =08l :08: qC:8:g05q(initial investment) $& g&:3aCad:ga(energy consumption)oo?
GoogPE> 0R0dI0H90800qepl HVAC & Refrigeration system gp:ei design criteria gqp: so0g8[4¢
${gCs 860$4gs o[gbeant §§o8qupdi Design criteria 3209$[gEdon mrSoyododst g&saal
adsgq(investment and energy cost) 8acg&qp:c8d0odi Design criteria 320§ 860lon GomagRd
seeags(indoor air quality) =o0g$pdqC:c880pdl  =08:3209C:§ow (occupant)qp:  0056o0¢
2005200 0[gbagi€ ndd[86epSeuncdi Saqpdaaeag: pda0pdESMmERs(low quality products)
09050036651 6§oE8S [GgE elgpEcdgyp: [gapdaddlan cpsoqo§od sacgsgp: c86edi

() Indoor design parameter gp: 2005005000326l tolerance qpegé o3e] 2005005(specify cpd)
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Cooling Load Calculations Ver 15 eomioo0dRs,

qopd £ sign [§€ eod[gaepdn Upper $& lower limit d§oo&ooobn cown:fon(traditional) tolerance
qpod 3230300051 Comfort air conditioning system 320305 83Es0$E 32680005208384E
(owners of the building)o} $68:56005 p38E:03E0EB: summer indoor design temperature o3
75°F © 78°F (23.9 ¢ 25.6°C)=z0038: 2005005 (specified) (0300051 cocdeoy saefgescsopl +23°C
(£1.1-1.7°C)20p5 cvc5$§Ea0pd(acceptable) tolerance [gd2001

(§) Process air conditioning system qp:op€ Sefimoqsi §ad:co  oopb[G6(stable indoor
environment)esan  03§:000:8E[gE:0000 indoor  parameter gpsei  absolute  oo§3s(value)o?

000p50[86 q§fgEs0005 3¢j saeqEo3ko0pd

powd- comfort air conditioning 920305 220§§68°F(20°C)oge cBSs000:q wadsabeon Precision
manufacturing coSc&:gE esepyps 330:03:30305 gPieamegE 72°F(22.2°C) 930upod odcond
3[g€o0pd  m0§S(higher indoor temperature)od  c005$§E0p5N  co&eagboopd(appropriate)

0059§E20pd tolerance qpgE 2208:0§503 ABS:coniglioopd 3 sasolelgff: Bspseqpzng
0g056[god0d(suitable and economical)aopbi

9-J ASHRAE Comfort Zones

O(p-0)ogE ASHRAE ¢ sacomEseds(optimal)gdeowpd winter and summer indoor parameter
qpeo’3 comfort zone gp: $058805c3E:qps(boundary ET*) [g& coobecdeudlgeosconsoopdn 320053200
seap(clothing insulation)i cadepsq(activity levels)sé soosaaozCiecozang€(indoor air velocity) oel
00§8sqpeoopd Standard 55-1992 03¢ 00500d(specified)oonzoopd o0&BsgpisC 8:0600000088:qps
[§620051 2005ea0nEa0050m(gbeowd mesimcglimalgmees 3a§§j:(wide range of indoor design
conditions are available) [§88E2005u

Kansas State University ¢ 09600005 06:000j05¢p:a? 26[gdg) institution 853 qpslgbean
ANSI/ASHRAE oo comfort zone 320305 6§§6038:qps(Standard 55-1992)03 c00beab(specified apd)
002200001 6§5E6800E:0303E 20056000500 [gheowpd aSqps(winter and summer comfort zones)
qpseil indoor parameter gpiegeg|od[gio? d(p-0)ogt eudjgoosoopdi

B () 930005 (G)§E§ooRd §E&qPiE0g0d agepad thermal comfort $& Geontaepad
thermal comfort oa¢] $6qje F[gpzoonzoopdn Comfort chart [gespog€ metabolism 1 col (clothing
insulation) 1 eeosacg(air speed) ©a0p50303 Bigno00dwode) chart o3 eepadjgeoopdn Chart 20pd
;oS3 cpgpiel  cadepsgasot(occupant activity level) 1.2 met (69.8 W/m?)o3 soc(gd
002300001 GgePa330305 3200530002 Fa0g (typical clothing insulation) 0.5 clo o3 sa6gdcod:aopdi 0.5
clo 2005 eddkoopdeaoodsros(light slacks)sé saofcondad(short-sleeve shirt) [gdoopdn sa5pd:ads
eoozeag(minimum air speed) 2005005 confgE:edch Thermal comfort $& 20056882005 22600:805
Fgodzc00dgP: §§q§ Standard 55-1992 o3 8[gé:q$ cBodopss(recommended) consaopd

9-J-0 Summer Comfort Zone

Summer comfort zone 320305 20§§ $05§B805(effective boundary temperature)eh contses
20p) 22600005 §058805038:(upper-slanting boundary)oopS ET* = 73 to 79°F(22.5 to 26°C) at 68°F
(20°C) wet bulb [§Bo0pSi es3052005 058805 (bottom flat boundary)oopd dew point temperature
36°F (2.2°C) [g620pdn Clothing insulation 2005 sasp5:ed: 0.1 clo  [g620pbn $&90cd:el boundary
temperature 2005 1°F (0.6°C) $&e0&s(shifted lower)ognzoopdi
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Operative temperature T, °F
¢ 9-0 ogep3BsE Gaontiepad comfort zone gp:ad 2o0§Sc3Csqp: $& RH c3Csqpeg¢ a00decd
3E4[gpioonzoopd (ASHRAE comfort zones)
(Adapted with permission from ANSI/ASHRAE Standard, 55-1992.)

;08320382 aoozaayE(indoor air velocity)o? 200 fpm (1 m/s) 3208 eepodesant qedso[3ed
g€ onbsoCoonsoopdosom(ceiling fan) oBewrod spdsondspdispdi(other means)gé [grpd§EagE
summer comfort zone &1 326Cla3&s(upper boundary)o? 85°F a8ewpod 86°F(29.4°C 2Bwwrdd 30°C)
ET* 2208 006§, a3eupod oB:q), (extended)§Eaopdn 0obspdiaanig cromangé(air velocity)od 32505
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Cooling Load Calculations Ver 15 eomioo0dRs,
codgpeant [gopd[gEdsE thermal comfort zone o3 sa5p5:c0d §c0s§Co0pdn 30GS 305p0:c05
[480r05600500p5: GromangE(air velocity)gEeodgedgé thermal comfort ve[gpEicdeon oodsoSieaisé
thermal comfort ee[gpE:adeoq§enogod 3a0q§[gEonadamnnqi€(§6eaxnt vod§i000:8EyE) crosanyE

(air speed)o? o3:0:8E2001

i

N
S
Ty

Sedentary
0.6 ¢lo
v < 20 fpm

1.4

1.0

0.8 1

0.6

- 2UOZ JIOJWO0D. .
o AVHHSY

000 =Tt i

80 90 100 110 120
Ambient air temperature T, °F

¢ - Comfort and discomfort diagram

9-J-J Winter Comfort Zone

Winter comfort zone 2005¢056poRE qpgPEoRd 0.9 clo insulation 33e08§ s005sRE0:gp:
00580€a00i{c86epSup0pd vrsogiodaaediogl sae(gdcon:aopdi cnadoopbesocdaaens(heavy slacks)
03203 c005qe5(long-sleeve shirt)s¢ aguSom Bewrod qEdonad(sweater or jacket) ©a0p50d 2005
opoSa0pdzR00dmenigp: [§9a0pdi ecosacyC(air velocity)oopd 30 fpm (0.15 m/s)cood §o5s00pd
Standard 55-1992 ¢ recommend cpbood:a0pd  winter comfort zone oS $05§805(effective
boundary temperature)oapé ET* = 68°F to 74°F (20 to 23.3°C) at 64°F(17.8°C) wet-bulb as its
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eomEs0005028 Chapter-2 Basic Heat Transfer
slanting upper boundary $& 682050005 qbse[gpé  $058805(bottom flat boundary)oopS dew-point
36°F (2.2°C)a0p5 2003€: [gdoopd

Indoor air parameter qps: G[gpCidy  o[gS$emnE (320005303 egP:e3nE)  BS:00:qeRdN

2085 [§Ec805 86c305(gE(fairly uniform) 3¢ ay€lgSen clgpEcdesag€ local discomfort [g88Ea0o5
Holzle &1 ©&:000g0532¢) summer comfort zone 2005 cp Qg% © OE% VE5$§ER) 3280&(thermally

acceptable) o3¢ §oopdn

2003[gg$saqode> Thermal comfort 20p5 8cbdoniq ofswneep 3ppmeaa: [ 055000595E
cocBobEosg Bgiocmofiind epSqmpSEEd ceSqoboyeoss oy BEBdeer s (e
30:00561) V059G [ 05502005603 s ©[gdSEeun CRadELNAHPS woss, [BPd$60052000
20§55$E 803E:0003 650050006503E 9005000 [BPdsd0056es 8865 vupddeon

9-J-0 Steady-State Thermal Equilibrium

0p, 05703050005 steady-state thermal equilibrium sac[gseesoat fesaqiC op og0030S(human
body)$¢ indoor environment o3 safopsgdedl0pd sagonia(pEigad e3:05dl heat balance equation
[5¢ cod[g8Caopdn oobspdianidgé metabolic rate 20pd WSE$EIPE3CRS(Mechanical  work
performed) saeq[gp: [§0edla0pd sa00ope|gpEsg(convective and radiative, or sensible heat loss from
skin surface) 1 3aee[gs] [g0edloopd egirogod[gtelomé [gbeclaopd sapedig:q(evaporative heat loss
from skin surface) $& qooodc8052000 agoderemdet Fpediiq(evaporative heat loss from
respiration) 0200503 90cdlEsC PBqes§sort cRegHadudo0od steady-state thermal equilibrium

:390@39@.§088 %o.%coén
M=W+C+R+ Eg + E
where

M = metabolic rate, Btu/h ft? (W/m?)

W = mechanical work performed, Btu/h ft> (W/m?)

C + R = convective and radiative, or sensible heat loss from skin surface, Btu/h ft> (W/m?)

E. = evaporative heat loss from skin surface, Btu/h ft> (W/m?)

E,.s = evaporative heat loss from respiration, Btu/h ft> (W/m?)

Air  conditioned space gp:=0R8:]  pegnaBod(human  body)sé  3a§:08:03E(indoor
environment)o3salogsopd  magonelplsg  [98edl§e  steady-state thermal equilibrium  ea[goods

[gBedloopd

9-J-G Transient Energy Balance

cpegnadod(human body) $C sae8s(indoor environment)oBsalogpiogE  transient energy
balance [gdes§$ body core 1 skin surface $& indoor environment o33alo0pE saQoRG[Esg
(thermal interaction) [gdedloopbi g 500305 (body core)sC sacq[grsqdso[gE(skin surface)odop
:003q(positive heat storage) 2Bewr0d agedida(negative heat storage) [gdedl 205

-9 Comfort and Discomfort Diagrams
Comfort diagram 20p5 thermal zone g0 0qdddlgE ewdlggod(graphical presentation)
[g020p5n Operative temperature a3eupod air temperature $& 3208:32038: 8adE:eo(indoor relative

humidity) secfgmees 3a§§odS egpoduS(human body)e saped:gsa(total heat loss)o oz05qs
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Cooling Load Calculations Ver 15 eomioo0dRs,
320905 activity level 1 clothing insulation $& air velocity 0303 2005¢05(specified)euiqaopdi o3Eq)
c0oqEopd  cqdepsg(sedentary activity level) 3s0058300:(clothing insulation value) 0.6 clo $¢&
ecofBbeso0pd 3a6g3acs(still-air conditions) air velocity v < 20 fpm (0.1 m/s) o20pd=agj05gp:o?
:6[gde) comfort diagram o3 [g eqgageosgEs [gdaopd

O(p-))0¢ [goon:o0pbenodEs comfort diagram @i X o&s(abscissa)oopd operative temperature
(To) a3eupod ambient air temperature(Ta) [g®a0p0n Y o§s(ordinate)aopd water vapor pressure (p)
a3e0pcd humidity ratio(w) (9620051 gseogsqps(curved lines)oop relative humidity $¢ qibselgpé
(straight lines)oopS effective temperature ET* o o30Sensg)(represent) eodjgoopdi giddgodod(short
dash curves)qpzoopd ET* line gpio [gpagod(diverging) conoopd total skin wetness Wsk line gps
[g020p51 Bd(p- )og€ To = Ta o} 36[gd002:00001 00dspd:adg¢ Operative temperature (To) $¢&
ambient air temperature(Ta) 03 320§$ 0pp8[030005 s320pd=a50503 3a6[gd0oE00R0!

2.0
] Sedentary
- Relative humidity
- 50%
2 137 v <30 fpm - 1.5
S
=}
.2 .
;.; ]'0: - 1.0
g
=
g -
k= .
2
D 0.5 ~ 0.5
O—TTT T T T T T T T T T T T

65 70 75 80 85
Operating temperature 7,,,°F
c;) -9 Relationship between clothing insulation (clo) and operating temperature (To).
(Source: ASHRAE Transactions 1983, Part I B. Reptinted with permission.)

Effective Temperature

The effective temperature ET* is the temperature of an environment that causes the same
total heat loss from the skin surface as in an actual environment of an operative temperature equal to
ET* and at a relative humidity of 50 percent.

Effective temperature 20p5 operative temperature (To) saedlog€ @oopboopdn  Operative
temperature (To) o0pd Ta 1 Trad $& pa o3 eedlE:dloCaopda3&s(combined index)(gdoopdn  Effective
temperature ET* c3&: qpz s p3q[gE:03 saaddgd) 0godqiodoomoopdi ET* 2005 79°F coacb5860E
total skin wetness(wsk)aopd eefgpE:ad(constant)eon 3328055 ET* line qps $& Wsk line qpc3E:
030005 00d95Eade 0odoobonpSs(coincide) [gdes(ooopdn ET* value qps [gEoopdsadh adEseoqps
(high relative humidities) 20p532¢l total skin wetness(wsk) c8Esqpsaopd 9005000503 deops(curve to
the left) ogns00p0n
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Gocoz0gS (ambient air temperatures) §6o0p509l saee|dpie eqegd[gtieloé [ded0d
:0ed:eea(evaporative heat loss from the skin surface, Esk)spd:00051 Belopé ET* c38:5& Wsk 36
032005 63lEc805&:dk(nearly vertical)gdaopSi 0odspSi3a06g¢ crocnmap§s (ambient air temperatures)
£6q) Bc3Cseoqpiesq$(high relative humidity)ogE seeq(gpiqdso[gSe eqegdatielont [gdedoogd
:0adeea(evaporative heat loss from skin surface, Esk) coqpspd:agnaopSi Esk [g6edle oodgodsqods
dqps(becomes greater and greater)cocnoopdzesl ET* 6l 0cpobcC: (slopes)sé total skin
wetness(Wsk)c8E:o3ei slope eaqpspd:(decrease accordingly)aonoopi

Comfort diagram o3 ET* & Wsk c38:qpigC 0088050005005 6520053013203E: @&(g)es
(five zones) Z[gpsc0n:0001

(o) Body Cooling Zone

O(p- )R8 eudlgoon0p58203E: body cooling zone &1 $0588050005 Effective temperature
(ET*) [9800p5n ET* 2005 73°F cood 3862005 Effective temperature (ET*)2005 73°F (22.8°C)
0005 386comelopé dBesesacgl: oyeepodesond occupant gp:oopd eseoopduy donx(feel
cold) qoopdi 3200056(03pEB6005 =0edgea(heat losses)§8:0000 net metabolic rate cood
Bqpseonaeopé [gdaopdi

0065p5:30dg metabolism elopé [gdedlamnaopd Fpoedma0ps egnadude agodogaioopd
00005 $05:00051 RO WOYESC Feq[gp: 30§80 00d[gRdgod: oysotiamn
(skin and body core temperatures tend to drop gradually)oopSi elgqps coodgpegp: 6822005
65036605

(J) Comfort Zone

0)e82005 63:00520055058805(lower boundary)ca3&: ET* = 73°F (22.8°C) $& Wsk = 0.06 o3
o038 00pb§oopdn 3260l 0005505880508E:(higher boundary) ET* = 86°F (30°C)$& Wsk =
0.25 =ajo3p:pE 000§ oopdi cp(occupant)sé oodoSsoyE(environment)odsajoge: steady-state
thermal equilibrium o3 a88:000: 82005 3a6[gza6s(gd200I

egpogad[gts olgdaoeanadspds(regulatory sweating is at a rather low level)ooohn 320&: s3c[g
32650000 oJasad0re oyeepodesdan cp(occupant)qpsoopd 20056aE050m [g8a0p5ur
donx(feel comfortable in this zone)qoaopdi sad:p858:(heart rate)oopd cod8s8ag€ (B)e (99)
(76 $& 87 beats per minute)3503Es [§62051

ASHRAE ¢ 2005¢05000:0005 winter and summer comfort zone gpsaopd ojeé(this zone) oSopé
Olo€[ogoopSn ASHRAE winter comfort zone & 630050005 $0583805(lower boundary)aopd
ojefel 630053005 $0583805(lower boundary of this comfort zone) [g620p51 sao005e[opE
86005 6305005 $0583d5(lower boundary)oopd of diagram ¢ ET* = 73°F (22.8°C)
[90o0pdn ASHRAE's winter comfort zone s»0g05 ET* = 68°F(20°C)aopS lower clothing
insulation of 0.6 clo 63 copdog€s o500

(?) Uncomfortable Zone
oJesaopd ET* c88: 86°F(30°C) & 95°F(35°C) mofoxps(86°F < ET* 95°F (30°C ET* 35°C))
g€ opb§oopdn Wsk 38 0.25 s& 0.45 mofogp: (0.25 < Wsk < 0.45) 320385 oopS§aopd
Occupant $& environment o3safo3p: thermal equilibrium sacgzacs [g6edloopSn
egpqPigrogod[gtelops  sapaddsa(evaporative heat loss due to regulatory sweating
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Cooling Load Calculations Ver 15 eomioo0dRs,
dominates) [g®edoopbi egpogod[glelope sapeddion e32:000007 022001 $dipSsss
(heart rate)oopS 0088s80qiE(9q)e(000)esmacnE: [98a0pdi cpgps(occupant)on 2005eaE
20050megd(feels  uncomfortable)oy dodsqoopdn @ oof8sgps(range) 250385 fesayC
F50606 Bewrod gzdodaopd(warm or hot)up $o:620251

(g) Very Uncomfortable Zone
oJe0opd ET* o8&: 95°F(35°C) $& 106.5°F(41.1°C) 3afoypiog oopd§oopdn (95°F < ET* <
106.5°F (35°C < ET* < 41.4°C)j Wsk o3& 0.45 $& 1 =ofogps(0.45 < Wsk < 1) 32038:
005§ 0001 Thermal equilibrium sae(geeesoat 038:88e005c0pd: Bewrod soodcuaSonbies
Gaodcopds zero heat storage [g6edlq) soeqgps(skin) $& . 0§00305(body core) 3¢ 20qS[gE:
[968C20051  ET* 2005 95°F(35°C)oood Sgps(ET* > 95°F (35°C))aqi€ =00qd[gés [96edl§e
(danger of a heat stroke)oaéu

ojesel 206038 $058805(upper boundary)sé &:conecw F6[gRiqeds0[gE(skin surface)oopd
a3:08:0k 8god conecv(nearly entirely wet) [g900p0n $0d:9855:0005 00685060 E(heart rate)
(0J0)a00d Sgpsconoopdi odsaclgmaesdjgogE(under these conditions) cp(occupant)gpzaopd
:2Rs 3305200007 dons(feel)qoopdi saese0520p5(very hot and very uncomfortable) o7
do:620p51 330§ 9sB0dgs 905532005
(§) Body Heating Zone

o)e$ei upper boundary ET* 2005 106.5°F (41.4°C) 0005 Jgpsoopdn Wsk 2005 1 [g6o0pbn ET*
= 106.5°F (41.4°C) $& Wsk = 1 [gdoopdi egragodgliyé 00030503 eameamiE[gopdes
030005 OGS o[gonndesmnt oB8onqs o[gd8E(thermal regulation by evaporation fails)
eomeol ET* afownod Wsk Jlgamaqé odeqoS€esant(environment is intolerable)
[§50880251 0500305320585 speq[rrepd§od 0od[gpdgpdgEonoS(temperatures of the

body core and skin tend to rise gradually) cooo:)éu

Comfort zone e320pS¢n psychromatic chart edogE cpgps 20056a0EMdEsEED
20qS1 803E:005¢ 20053E000) esepad 200d00de0lgE: [gda0di
9-G Indoor Design Temperatures for Comfort Air Conditioning

cpgps(occupant)el comfort zone 320305 805%igsE 2005382005 o3gSq(physiological
responses)sé 30§85E 0005e3E050)[gq(thermal  responses)sd§s §oopdi  adepsagp:(higher
activity levels)s] ¢93050000 326l discomfort zone 3a0p8:ad eepodesagC thermal responses
[g6ecla0pbn

Human occupancy gp:eaogo5 thermal environmental conditions  $&20058382005
ANSI/ASHRAE Standard 55-1992 §c§ ASHRAE/IES 90.1-1999 (Energy-Standard for Buildings Except
Low-Rise Residential Buildings) o303 8[géo3o0p5n o36§§6p38:qpssaq comfort air conditioning
system gp:og€ 30ddgqepd s0edim0pl: 88E: 200§§ (indoor design temperature) $& coosacgE(air
speed)qps0? 63305038 cedjgoonzoopdi

(o) Activity level 2505 1.2 met [gdoopSi

() Relative humidity 0op5 egepaB80gE 50 % [gda0p5N

(p) 329§:30038: gbsgiecozanqIC(mean air speed)oopd 30 fpm (0.15 m/s) $¢
() Ta = Trad o [§62051 (6c0320§§5E radiant temperature o3 opo8o300p5n)
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e i // Vol 2 /
Data based on ISQ 7730 7| A 4 v v
o014 | and ASHRAE STO 55 / A%
Upper Recommended Humidity Limit, 0.012 humidity ratio-~
/5 v v / o 7 < |
o o012 L L : b - v ‘
14 = A A 152
> 010 o > /w/élo o e e
b o | L e 4 = -
§ 008 IOM/’/ Wl Wil - = el 10%1
//r
,;/,g// ”/// i e i g
006 il o
0% B i 5 5
i 1 ®
004 V / 3
. o O
| 40— — /’/
S [a—" | | i -5
Lo -1
——
R |
¢~ 16T T20C "26°C ' DRYBULB 30°C TEMPERATURE 36°C

Q 9-G ASHRAE Comfort Zones (based on 2004 version of ASHRAE Standard 55)

ANSI/ASHRAE Standard 55-1992 32 90056000§0005000[§da0p) 300§$320305 2086602
§eed ecomaqi€a’ 2005005eaon:dln (“within the thermally acceptable temperature ranges, there is
no minimum air speed that is necessary for thermal comfort.”)

G5ePa3 3208:32038: 30§ (summer indoor temperature)oopd 79°F(26°C) [gbag€ ecomanyé
(air speed)o? 40 fpm(0.2 m/s)ogE cBfsconsq§ o3adogss(recommend)aoopdi 8muSe] Soedizacyts
Gome82005 79°F (26°C)oocd Jg&(Ta > 79°F (26°C)) esaqié ecozanqiCod oBseus(increase of air
speed) 20&20201

2000 egepBRE crgpoopd qEdmod(suit jacket) 0obeo€aon:§E0d esepdEgddon
egepad 300530098 84C:30qS(summer indoor design temperature)od 74 °F ¢ 75°F 9503

eepodesmt eagpgieoiaedi
Table 3-1
Typical clothing | Optimum operative Indoor design Air velocity (fpm)
insulation (clo) temperature temperature range
Winter 0.8-0.9 71°F (22°C) 69-74°F (20.5-23.5°C) <30
Summer 0.5-0.6 76°F (24.5°C) 74-79°F (23.5-26°C) <50




Cooling Load Calculations Ver 15 eomioo0dRs,

WINTER COMFORT ZONE SUMMER COMFORT ZONE
& &
& g
§ &
& / 780% > & ST A% >
Q = Q =
S A F =) & [ 1/ =)
éQ Ll L % 4/& il ) g
LT oo T SO L toow: =
24 s 4 i~ 24 e 4 -
‘?‘0 ~ > ?‘0 - 2
& L | L '3 & L |/ \,(\ *5
q§3,//, /] ,//, ki w q§5;//' v 4//, w
& | A Ja0% ¢ N | 4 Jao% C
L~ 7 [ O = 4 L7 O
A B | _130% §; ) d ~130% 5;
il >20% = ~20%
B= L— —
== i ™ e
Fo 65 70 75 80 F° 65 70 75 80
SPACE DRY BULB TEMPERATURE SPACE DRY BULB TEMPERATURE

Q 9-§ Winter comfort zone and summer comfort zone. (2009 ASHRAE Handbook Fundamentals)

Indoor occupied zone 330305 ANSI/ASHRAE Standard 55-1992 o3 o3:womg] egepadop
3208:32038: Bo3Cse0(space relative humidity)o 35% ¢ 40 % 3203 gjg) B§:c00:§EqE 320§§ (higher

limit)o3 78°F(25.5°C)2208 [gEaom:§Coopdi 0odsobiemige 8o3Cse0500:0qiE 320§§[gCese0050005:
thermal comfort 2005 cr588E2005 3oe08pEE esc860pd

Badecod [0305e0mEangSs(indoor badminton hall)sé @2:300E0nE:sbdmenesepyps(table
tennis tournament arenas)og€ crosacgiE(air velocities) 2005 30 fpm (0.15 m/s)opE §oo&aodi

OGS 0062060050005 6[gdg(non-uniformity)$ c5epazade) 20056a00E050m Glgdge:
(local discomfort)o3 eepEaur§ommiqssaog0d 208§ ofep:qod(air temperature difference)oopd
5°F (3°C) 0005 egpsooCeon [m364g8e (g)rondemlglst (6q)cocdesalgéad sologp:(4 in. from
the floor and 67 in. above the floor)og¢ [gdedlo00d sa0§Soza(gpsgeda0pd 5°F(3°C)oond Sugps

20&col

Radiant temperature asymmetry 2005 e8l€c80Ssa[gE (vertical direction)ogé [gdedlaopd =0§s

oo[grsqied0pd 9°F(5°C) c00d $pd:qepdi sacgpicdod(horizontal direction) sap§Soofggod
2005 18°F(10°C)o00d $p5:qepdi

200590500222000  GrOOYESE  crumEd BodR3e § of odesoqs(specified  air
temperature and airspeed) 320305 4 inch 1 24 inch $¢ 43 inch (0.1 m, 0.6 m, and 1.1 m levels) 02005
BgCesapqpiopt 220§§03 03800 (measure)qopdi

a3Eq) cpdeepdonyps(sedentary occupants)ssogod 4 inch 1 434 inch $& 674 inch (0.1- m,

1.1-m, and 1.7-m)ooopd mo[gCesepqpiogt 200§§03 oBE:qepdi 0 woa3EqaoRd 3005
(standing activity)3o0305 gsgq0083:(mean value)od 2005ecdoos00pdn 03E:000024l 90 % response
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time 25§§ 3208 conCaupdi 20§E03E:0000908] &B:vodup0pdzFSeongsitlon oBogy oS
03000005 03§oon(measuring instrument)gpze 03Esg)qo0pd oEBsgpizasade :[gCadn Iagpeed:
00§8:03 6giqSaepdi

Fomop$: 308:qps(air conditioned space)zaoptsy §esongps(occupant)el cqdepigspds(low
activity levels)aonoopbeacgod(Met<2 met) indoor environment o3 comfort zone 320385 §esesant
0382000260301 CQOgP:esDs(low activity levels)oopdeoesiqpiaecged 320§:30§S03 55000
[§002:8E 0005

9:G-0 Design Considerations
Indoor design condition 03 2005005200924 GE0S0lEagIEdYPR copdagEiodie:aEa00I
(0) Optimum summer and winter indoor design temperature o303 200500bo0pd928l 632083Eep
:009m00:  00dsolemecpzaco(local clothing habit)s¢ sa§e§jseoc operative temperature
(To)gps 820305 clothing insulation &l 32(gCed:$¢ 328690:(upper and lower acceptable limit)o303
005338 0H:02:00&2001

() Energy efficient [(g6c0q$ ceonepad(winter)sé egepad(summer)o3ope wopodoopd saesieacyt:
;oS (different indoor design temperatures)od  8aadgoooopdn  GeonCiepad(winter)opd
unoccupied-period setback [gopS[gedyé g&saaagiom(saves energy)$Eaopdi ceosg Geosediqps
(health care facilities)ogE occupant gp:el ogfswseqs(health) $& 20056000¢ 200502 (comfort)
[0c0es 209§:320§803 00d00dop{gbesanE(constant indoor temperature) B§:conigs
83260005

(p) omomgom Jesepd esepgps(short-term occupancies)saog05 metabolic rate 205 1.2 met c00d
Jqpz00pbendl crozanq dqps(higher air velocity)eoq§ go:eatadsgasodsoopd(lower energy use)
qodsologedandosom(ceiling  fan)adewpod  §§ondoSom(wall-mounted  fan)gp:od 32034
20&aopdi Summer comfort zone 330305 spefimod(indoor design temperature) 3a5pS:c05

[4Ce5[g:03 soesima038:§an (occupant)gpian coa5d8E[300p5

-8 Humidity Control for Comfort Air Conditioning Systems

Occupants comfort 320305 ASHRAE/IESNA Standard 90.1-1999 o3 ogducscdodsngs
(mandates)[ggpésooo0pdi a(zone) odasad system 0od9 afewrod system gpigE serve cpdoyé
humidification operation cpbesod oofgpies 00903 coBGIEs0S dehumidification operation cpOgEs
olgbedeant 8&E:pboonqepdn  (prevent simultaneous operation of humidification and
dehumidification equipment)

Standard 90.1-1999 ¢ 9005¢05(specify)0o:00pd3203E: Bc3E:e003 AB5:q08E00 t3§om
(humidistat controls device) ofgboes onbsoleuiqepdi o3 control device 20pS reheating cod[gs
eeoosE croeaeapes[gE(hot and cold air streams mixing)i 00805505 heating $& cooling cpd[gEs
020p503 o[gbeilesnt omagudon:aBidEed(capable of preventing)§eepdi 856003805 305320005
qP203 6aoan§Cafanogad section 29.12 o3 §[gd: vodgEa0di

Comfort air conditioning system gp:0d 8&E:c060000m08l $& performance o 0§00
(evaluation)qps [gjop&aopd3e8lodoa€ 632005dl8agi05qp:aB copdagiodioniqepd

(0) eaontipls] [gootiedlodesel sa0ptsonod(inner side of the window glass)y cqa3dgc:s
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(condensation)e 020030568 Bewcd GaaRgeSee0R05 3esieacpt: adEseo(indoor space
relative humidity)o3 20% ¢ 30% s2038: 038200026001

() Wpsg> §esSCoopdesepypa(high occupancy applications)y cgepadd 3208:32088(indoor

temperature)od summer comfort zone 92038:5 aB§:c00Gs indoor relative humidity o3 55% o
60% 900p8: oB&codqiE  opSoyo§odsodl:  c0odeaEaondam(economical  and
comfortable) [g6c3&edu

(p) 00,600 air conditioning system qps§ egepad part load sa6fgzaes03E [gbeclepd indoor

space relative humidity 20p5 full load saclgzecssC £E:00daqE indoor relative humidity
32098[gEenz 82005

(G) 2008232038 BcdEss0(indoor relative humidity)aopd 25% coob $p5:0q€ 30005g0dseloypE:

$C 200538 20p5eepalgps(incidence of respiratory infections) [gded&Ea0p5n dadsdl: §Ea0a5
:0$:320q$ (indoor  temperatures)oopd 70°F(21°C)oood 388giE static electricity [gecl
(induced)$E20001 codemetsooroopd seesiqps(carpeted rooms)s cpgps(occupants)oopd
sogglo§eomngps(metal furniture) aBoopod decoration gpasé 0360000082805 shock [gdom
uncomfortable [g88E20001 corSemetoonoopd e8P fesopgpa cogr| o§eomogps
cog|ogedigpiss 0Beog,c0pdmedl static electricity aBeog,c0pdedl oyded [gofgEicdelope
65$038ep3 m29080elg [§08E 05

(§) @e0oC:qpad humidity ratio §6e50000808] 2680005333 qpzel air conditioning system gpzon

humidification ¢[gjcpbogi€ indoor relative humidty o3 20% ¢ 30% 0pE 03§:002:8Eq8 300305
32005203 [§6§E2005

(6) Humidifier oo&eo€aonsag€ humidifying capacity 00p5 coodeog,a33a6qi05(actual humidifying

requirements)cood degpsooCeon Jogpswods Air Handling Unit(AHU) 830p8:5 $godeom
qo550gEqpa(wet surfaces) [gbedl[g€se onEieoi860pdn 0obspSi3adgE packaged unit &
supply duct § condensation [gd[gC:elopé qod50gEqp: §god[gtisé podeulgtiodelope
3o50§eaxd08alqps(microorganisms) edlodgomi §§o5q0Rd Grozagdmcoy IS
g:en& a@:é]:(wet surface and dirt cause the growth of microorganisms and poor indoor air

quality) §€a0p5

Comfort air conditioning system qps§ sse§:2003C: §adEseo(recommended indoor relative

humidity levels)o3 632005038 Gw5{goon:00p53203E: cB§sconsao&aopd

Table 3-2 summer and winter recommended relative humidity (%)

Relative humidity (%)
Summer 30-65
Winter
Commercial and public buildings 20-60
Health care buildings 30-60

65epa3320305 odCseo(relative humidity)aopd 30% ¢ 65% ¢ 32038 §esesE 0350002
qopdn 6eonCiepad3a0305 20engpoopd BodCseo(relative  humidity)oopd 2268000535803 c3odq)
Rlgpsoopdn Bsgseqpedep 00053 gps(commercial buildings)secod 20% ¢ 60% ¢ =20RC:
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§eseamnt 038:000:qepd[9b[d: oySiencqeadlep saemnndmadgp:(health care buildings)seog05 30%
60% ¢ 990882 @Bwéu

Table 3-3 Outdoor Air Requirements Recommended by ASHRAE Standard 62—-1999
Application CFM/person

Dining room 20

Bar and cocktail lounges 30
Conference rooms 20
Office spaces 20
Office conference rooms 20
Retail stores 0.2-0.3*
Beauty shops 25
Ballrooms and discos 25
Spectator areas 15
Theater auditoriums 15
Transportation waiting rooms 15
Classrooms 15
Hospital patient rooms 25
Residences 0.35t
Smoking lounges 60

BadE:e000p5 saepogrigp:el orhoogdgpizeed saofpoocdepody §oogdi
9.@ Humidity Control for Process Air Conditioning Systems
eoad0zd eqdieqeg qpsieslgtelops saspoggpiel oahoogdqps(physical properties of
many materials) [gp&:c3[gEs [gdedl§Ea0p51 adelopE §E00drEa005 cpbesigp: cpbodEaopdesep
(manufacturing  processes)y ecoadopé  eeSeqeg, doCesg(moisture  content)od  o3S:q|boonqs
83260005
Relative humidity 20p5 ecoadogEdlofesanpd eeegoedan(moisture content)od ceSlgaopdi
Hygroscopic materials qp:  [g920pd  =e005330000¢ps(natural  textile  fibers)  ogy|qps(paper)
20daos(wood) aosequopdyp: (leather)sé esea00050rS0gRbigps(foodstuffs)aopd croad eqdloly
(moisture content)oedan 22505 3agp:ad Bode] coddmSpsel saecos§(weight of the products)
elgp8:cd000bn  0089londg [038Eq(strength) 1 53E[gEG0S (appearance)sé saqpSsacags(quality)
©20p5030005: 6[gpEad8E 005
(o) Dimensional Variation (2a03&:s00m ogowofglt)
Hygroscopic material gpzaopd 803E:e0[gE (higher relative humidity)aopdsas] oqed[g§(expend)q)
£620p5 (lower humidity)sasl ogj,(contract)ognsoopdi ogp|opd 9B6s0pb:conzep 08l o3Ese0
J% Bgpsconaopdaed] cdogy|el 2agud3aens 0. J % Jogiud[g§aonaddedi (2% percent increase in
moisture content may result in a 0.2 percent increase in dimension of paper)i coda30g5wd
$86005gpa 9SSesepyps(lithographic printing) 8c3E:eo(relative humidity)o? 45 + 2 % 0§08
0382000268 33260005
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(9) Corrosion and Rust (95egponodgcs)
a5eqEonad[gEs(corrosion)oopd electrochemical process (608 [§620p51 eqeg qps(moaisture) 0005
electrolytes [96edl[g€:(formation)o? 320560300001 6eOS] eq:eqeg, CloSagpiagi€ corrosion
process 3¢ aqclg$g> [9OeCl8E20051 SadEseo(relative humidity)oopS 50 % cood Jqpsage
00dqEqp: eypeg, g 300opd[gEs(smooth operation of bearings)o? cB3a5e08E000m Boyge
03E:0008E200503§uongps(precision  instruments)gp:o?  3203dgjqepdl ooyl dadtico
(indoor relative humidity) 2005 70 % coqpogi€ oodogbigpssi godsnjgEediogl odeqp
650005200003 603 [4E8E0p5m 003258 ad00pbugEd: 28052a38:6l oog esepepioge ddeqp
00058820051 (rust may be visible on the surface of the machinery)n

(o) Static Electricity (cgbodenojgdedl[ge:)
Static electricity [g®ed[gE:elopE coocudoopdsagsqp(minute particles)saqSqs  83cE[m
60c860pS Bowrod ozSsnS(repel or attract one another) [30860pdn op§O5RE005

codckigpe [gopdaopdesep(manufacturing processes)qpsy static electricity elogpé dsgeaqps
[0ed§Ea000n Static electricity alo3p¢ 3a09SEa0:c0da0p0365 P2 3336205 [gbedl[gls sa0endd

[gbecl[g€s(charges minute dust particles, in the air) [g68Eo0p5n Equipment qpesé gqodso[gEqps
work  surfaces)eclogé  ogudBond(causing them to cling) e5c880pbi 8o3Ese0  (relative
humidity)oop5 40 % o005 8500:000032805 static electricity 2005 (0§ 2008:320§8 o3& (indoor

environment at normal air temperatures) [0l §Ea05

(20) Loss of Water (eqeoodqp: sd:ats)
038:0005500220005 200Begpess 0OE:BinCigodypeal qods0lgCe eqeg gEelopt eeeg.qp:
54800001 20§$86¢) BadEse04p:a0pd esep (E0% ¢ % BadE:e0) € Bbseopds codsayE
666G, g1 66e20590:4ke $p0:60x6[oE [pPgRdd205N 30§ coodeoodes0pdI
(Vegetables and fruits lose water vapor through evaporation from their surfaces during storage.
Low temperatures and high relative humidities, such as ~ = 90 to 98 %, may reduce water loss
and delay desiccation.)
c00donssaqpdaacag:(product quality)sé orSoqodod B8:qbe$(cost contro)od 330305
3aBCsso(relative humidity)o? sa03sa03) 2005005 (specify apd)q§ sacg$saeqio3zoopd
Process air conditioning system gp:3o0305 33260000 relative humidity o0§8s0005005
(specified c¥O)eosqEpdI 0d$60053:320305 00§3:00d9 a3wwpdd range ood9 (year round single
value or a range)[g¢ esd[geosqepd
3B8:0 B320q05qp:n? ABoggy B8:qBaon:8EQS (strict relative humidity requirement)
320305 basic value $& tolerance $dqjpad:03 o36) cudgaepdi pows- lithographic printing 850305 basic
value $& tolerance $Oqpcd:0d 320005038 Gud[gP(Bs(relative humidity for lithographic printing
mentioned before) [gdoopdi 208 (temperature) $&  8c3Eseo(relative humidity)  $6dEad03
o08gC505 aBE:qd (controls)gs c33a600p5326l $fEodel 0o88sqp:od 03aged eedlgeuigeSi
9-Q Outdoor Air Requirements for Occupants
Comfort and process air conditioning system $&qjgocd:320305 [g€ueco copdeuigscd=nd
§0opd 3a6[opEiqpien 6330053l 2203EgdaodN
(0) m0§:3209E:§0p (occupant)qpiel &olgbodma0305 83255/05qp: [gobsopSicuiqd (to meet metabolic
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requirements) 3203051 CpEP: 2VOHGYS 68208qIES cdeaTHescogs

() 00588E00d erozaqpdaaGags(acceptable indoor air quality) q§g$320305 GrLES0REQES2000
:2Sqpa 33p0dIeoRgp eagRsRdiaie0gsss0R05 [gEoe eroeomEierocniypdyé eepesny

dilute cp&[gE: (To dilute the indoor air contaminants, odors, and pollutants to maintain)

() ©&:0008igps ©05§EEqps 0&oCesigps 336o00gPe  HOEAHB52000  GrOEPI3E0R0D
3200203 [gSoopdeosgS(to support any combustion process or replace the amount of exhaust air
required in laboratories, manufacturing processes, or restrooms)

(G) Conditioning space qp:ogE eco83m: 0000 Sgpiesesnt  Fwensodeco(makeup  air)
oop_§eo:|§8:(to provide makeup for the amount of exfiltrated air required when a positive pressure
is to be maintained in a conditioned space)

Table 3-4 Outdoor air requirements recommended by ASHRAE standard 62—-1999

Application CFM/person

Dining room 20

Bar and cocktail lounges 30
Conference rooms 20
Office spaces 20
Office conference rooms 20
Retail stores 0.2-0.3*
Beauty shops 25
Ballrooms and discos 25
Spectator areas 15
Theater auditoriums 15
Transportation waiting rooms 15
Classrooms 15
Hospital patient rooms 25
Residences 0.35%
Smoking lounges 60

ap(occupant)qpsei metabolic oxidation process 320305 [g€oecw(outdoor air) 326052005
3203550050005 ASHRAE standard 62-1999 32q 6cosaqpds60g:03 aB8:q|0q§(to control indoor air
quality) 220305 [gEoe Groto§ypiopde) CO, [gE:easengpspdiognieaant|gapdge:(dilution ventilation)
o3 32034g8Eaopbi

;oSimnoplis :mesglo CO, [gE:smsoplgniqed(indoor to outdoor differential
concentration)aopd 700 ppm cood Gogpscoq 700 ppm cood $p5gEs00pd coqsdgudeomtsonpd
;efgmees V0HO8E0R] sc[gmacs[gdoopdup eudlgged [gd20pdi [gEosco(outdoor air)oSopt
dlo€a0pb CO, concentrations 2005 300 ¢ 350 ppm 3203E: [gd20pdn CO, 03 human bioeffluent qps
dlo€es[gE:ad cudlgg$enogad 3ap98:038:(indicator)salgd adz00pdi

2-15



Cooling Load Calculations Ver 15 eomioo0dRs,

aBEGE0p5005659000660M05(sedentary occupant)e §oocd20pd CO, vedaNaod 0.3 L/min
[§6005n  me0§3a03E:desop(indoor  occupant)gp: 320305 83a6a0pd(gEosrovwran(amount - of
outdoor air)o3 a3edgiE58Ea05

egmdl [gEosco(outdoor air)od esmeInt [gpdesst  eqegedonadlgEs(cooling  and
dehumitifaction) cpbq$ cdeaoda0d refrigeration capacity §eepdi delopé &3 gpgo
832600001 Refrigeration capacity c8325q(05(requirement)oopd epaBpop(weather) cps6EE20305
(occupant density)s€ 96006 8050009 crvowran(amount of exhaust air)gaedlogt goopdaodi

o€amaopdecooedan(amount of infiltration)oopd ecocdodssisé Bionpdepeaqd(wind speed
and direction)saed]  oopba0pdi 3egSoz[gesged(outdoor and indoor temperatures)sé 3sans
ogo[greqiod(pressure differences)ooopd sagiodqp:(variable)saedlogE goopboopdi ddelopé infiltration
[38[g8:cfo3pE cdernad5205 [gEosrogp: ofegpodamnaddupbun wdfpS8odgs) ve8€eon Infiltration
20pd Bodggopd [gEueco qepeelopEs(reliable source of outdoor air supply) elgd8€eon [gEoeco
c83a0q05(outdoor  air  ventilation  requirement)saog05 infiltration  elop¢  o€eepodarnoopd
Geooem|g¢ 22033507 :00:03:98 o[gdSEaeor

0.0 acooo§olq (Air Cleanliness)

Manufacturing  process — qpfgdaopd  88:pS005§qps(semiconductors)  Geo:dkond§)
(pharmaceutical)  eeoomndoecdecdy (4§ $C ecaogesoedigps(health care facilities) [96o0pd
§80508:qp:(operating rooms) cpsneaonyp: 00006sePPE0Rd 3209S005qE:0000 esepgp: (clean

indoor environment, clean spaces and clean rooms) (96§ c33260005

Clean room &320p8¢n @Goooo§elq(air cleanliness)od  s20§&(temperature) 1 8ad&:s0
(humidity) eco8sas(air pressure)sé  sacoCieeplqa(lighting) o303 2005005000:000520038:
[g9ese:E 32083207 B&:qS(controlled within specific limits)aonsqoopdesep(constructed enclosed

area)(gd20p51 coa0§0E90d croadoptilo€and 3eSaa6a30305(particle count of air contaminants)
[5€ eoBlg(expressed)oopdu

A clean room is a constructed enclosed area in which air cleanliness is expressed in terms
of particle count of air contaminants and in which the associated temperature, humidity, air

pressure, and lighting are con-trolled within specific limits.

Clean space a320p5¢n eroao§olq(air cleanliness)sC 3205232038 =ac[gaacs (environmental
conditions)o303 2005¢0500280005 limit qps 32038:5 fesesand 0BS:q)boonsapd oBogopd efom
(defined area)eseponde [g60pdn coodmSpsel  saqpdaacagi(product  quality)oopd space @
eoad0zEdes000d FeSapiel 3agudaaens(size)sE saeq@Eacgod(number of particulates)od saedlogt
4052005

Clean space qp: $& clean room gp:=ecR0d Geoo§Elq Baadqod(air  cleanliness
requirements)qpso? Federal Standard(FS) 209E ¢ 6320050 2203E: classes mpe08qpin?d 2005005
(specifies) coz00pdn
Class 1

Particle count 20p5 1 particle/ft® (35 particles/m®) cood Segpsqu Geo(0)mpocoogl =06

(0)g&om dlo€gE[goopdn ST vpsdlgE BergiE ec(0)mmodomagt 2068 (p8)esc00d Sugpieoe
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6oad038 Jeso0pd saloFiadimaqs(larger particles)el sogoSss0:00p5 0.5 pm 000 Selo3cos)
( no particle exceeding 0.5 pm)u
(Class 1. Particle count not to exceed 1 particle/ft® (35 particles/m3 ) of a size of 0.5 um and
larger, with no particle exceeding 5 pm.)

Class 10
Particle count not to exceed 10 particles/ft> (353 particles/m?) of a size of 0.5 ym and larger,
with no particle exceeding 5 pm.

Class 100
Particle count not to exceed 100 particles/ft> (3531 particles/m? ) of a size of 0.5 um and larger.

Class 1000
Particle count not to exceed 1000 particles/ft> (35,315 particles/m® ) of a size of 0.5 ym and
larger.

Class 10,000
Particle count not to exceed 10,000 particles/ft* (353,150 particles/m? ) of a size of 0.5 um and
larger or 65 particles/ft> (2295 particles/ft> ) of a size 5.0 ym and larger.

Class 100,000
Particle count not to exceed 100,000 particles/ft> (3,531,500 particles/m?) of a size of 0.5 ym
and larger or 700 particles/ft® (24,720 particles/ft®) of a size 5.0 um and larger.

32620:805 32g[0530005¢p: §fq$ Federal Standard 209E o3 8[g6: oBs0m:§Ea0pd

High Efficiency Particulate Air (HEPA) filter §<§ Ultra-Low-Penetration Air (ULPA) filter o:np_§
eooodgps(filters)o3 clean room air conditioning system gqpsogE 00680 saaddgfo300p5

9@ Space Pressure Differential

Air conditioning system saqpspog€ =0efim0plid Grodsams(indoor pressure)od 320k
[4€0000d 325p5:c0d gpreant [grpdooniaopdi oBa3a8 eonsucboioyE(surroundings)d coodsao:
0005 3601883z (positive  pressure) sa505:c0d  Sgpiesnt  [grpdooneomelopé infiltration
[48[g€:03 coypg)(eliminate or reduce)§Eo0pdn 3208§:03E:08 untreated air qps 0eepodE:n? omazed
§E2005

oSl eculamimgobicoSengpspdi(negative  space  pressure)eseomelops
untreated air gp: space 3203€:93 oegpodom §odEseo(humidity levels) 3[gE8Ea0p51 Ggps(mold and
mildew growth) edlodgn§Eoopdi 8:8seg qps oCeepadan§Eanpd

:2432000563sqp: ofeepod(entry of sewer gas) 80000 32e86e0056g qpa 35epLS§o0Rd
o0deg Pt coxdep pasigps §adigp: 0QodCN§Ea00seSyP:(rooms where toxic, hazardous,
contaminated, or objectionable gases or substances are produced)ssc305 83asaa505:c0d 38663208
(slightly lower pressure) [geoScooigEs 98ewpod cofeagpaopd(appropriate) negative room pressure
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[g6e3:E [gopboorsg€isC Beea80gsqp: [GEusE onlgpresepap:ad | seepad§ogdal: ogdesnt
00305 002:8E20051

Baaepyp: Gontcdosoyad §l.soz0dgt:od omagude§(maintained to prevent the diffusion
of these substances to the surroundings)s¢ oSoodg§onpb:ot [gEopoleepodamepdecogps
035:q10¢] q8Epdecogp: ofeepodfglie ommudeS(at the same time prevent and reduce the
damage of the uncontrolled outdoor airflow)se0305 copdeuqepd GrovwraN(Magnitude)od GoogPgd
0660808500080 03dgodqs B=a600001 cBS:000:qepd positive a3ewpod negative pressure o3
a@:@(f)méu

ecoBamgpigCs(higher  positive pressure)elopé  Grosdidee  Sgps(greater amount  of
exfiltrated air)8Eo0p51 Befoypé [g€ueco(outdoor air intake) 3325105 vwran Jgp:§EaopSi 0odspd:
a0 F6AlE:Bams(positive pressure)dgpieamd [gopdooiagé ddmeele ed:geogniepd Grovwm™

Bqpc86epdn Belopé verangp:aopd erogpgE aentadicopdeuigs a3sabeomejoypé cooling load
0N Jgpzaaddopd

ecodam: sacgsspdieamaengpgoongta(higher negative pressure)elopE infiltration Jqps
8820001 32$0583:(negative pressure)gpzeco crodoolq(infiltration) Jqpseco [gdoopdn cBefopE
3208: 000805 $E cenlise ap§agedod(initial and operating costs) Sgp: cB&epd

Space pressurization 03¢ @cou3888E0pd efoon(effective leakage area)oopd dsa:
ogo[gg(pressure differential) oedansé 33680005358 Grondg(tightness of the building) ssedozé
©00pd50000n =[g(outdoor)sE  3a038:(indoor)  BsaioplgRiged  agSgpiecy  Groagededigse
0300705 Groeepady Sgp:eco [gdaopd

3200086 32680005208 (low-rise building)qpsell comfort system 920305 Bgansolepigod
(recommended pressure differential)oaé +0.005 ¢ +0.03 in. WC (+1.25 to +7.5 Pa) soog&
[§620051 200§ GLd05 Fesor0d=eB(average building tightness)sao305 9005905000:0009
pressure differential (&5

(GG)o0d[g¢ 22680005353 (44-story  high-rise  building)sec05  680a&:epaB]  ofedlodeno
(entrance lobby outdoors)s¢ calE8s3ac08[36:08:(rooftop floor)saloes] stack effect alop¢ [gdedlopd
Bamsop[gesg(pressure differential}oopd 0.3 in. WC (75 Pa) &sdkof [08Ea0p0n Water column(WC)
20p5 8330103 66d[goopd vpsoodYE [§620p0N 32006862005 Fpee0O0dmBgPicpE  stack effect alo3pé
[g6e0lond  Bsamoplgpiq(pressure differential)oopd  we[gpoeronndeasdoopd: 32000[g¢ 22680005
:BqpeopE stack effect efopé [9oedlepd Bsmoplepsg(pressure differential)sé infiltration rate o3
00p5938: godgIEdeERdI

Space pressurization control 6§05 GrLLNPBEG:0DgPIEAl  ofireeEsE
2005eamEaondom(gdeog§(health and comfort of passengers in an aircraft)ssog05  cabin
pressurization control [gdoopSi me[géeo( J90oo)ape Gookiesaond eroumpdj(altitude of 28,000 ft
(8540 m))ell ceocpdaans(ambient pressure)oopd 4.8 psia (33.1 kPa abs)gdo0pbn c8ea60000386e0:
8aaos(minimum cabin pressure required)oogd 10.8 psia (75 kPa abs) [gdoopdi cdefopE cabin
pressurization control system oo&solq] cabin $& eooco(ambient air)zalogpiog€ Bsaoplepiged
(pressure differential) 10.8 - 4.8 = 6 psi (41 kPa) g§e30E 0382002268 33260005
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Clean room gp:og€ 006s0C0m:a0pd process air conditioning system qpsd GonsoodossoyC
(surrounding contaminated or semicontaminated areas)e ©o0§qEs00pdec0(contaminated air)gqpsoopd
a0§qEsoonbesepgps(clean and uncontaminated area) 3203898 ofeepodfglio omapude§ space
pressurization [gjopS0omsqEoR0N

:2eo§ms 32 :qo0 opqp $603C Clean Rooms and Work Station Requirements, Controlled
Environment o3 Federal Standard 209B 5[g6 [ggo$:d00p0n Clean room $& econzae&s esep(any
adjacent area of less clean requirements)safosd sa5p5:e0: Bzansogn[gpsqEd(Minimum  positive
pressure differential)aop5 0.05 in. WC(12.5 Pa) [goopd

9-@-0 Infiltration
3208203 30505200 83202 [4EonmdeINnt [gjrvd(slightly pressurised)oon:eaodcopds conditioned
space 32038293 [gEaco(outside air)gp: 0eepadan8Eanpdi 632053l saelopEigpelop infiltration

[g6c0I8E205n
(0) 3209:20[g¢ [gEw00pd saee00ad3a8gpogE(particularly on tall buildings) eeoodadecdgEelope

infiltration [g6eAI8E20051 croodoSedd(glielot [gdedloopd 8320:03 wind pressure vpesloopdi
() 32000[g¢[gE:clop¢ stack effect [gbedl[glssc
(?) cpgp:  3268000535832098:93  ofeepodanoopdmedl odskos  erogpioamfgls(entry of the
occupants of the building, who also introduce dirt) o3[gdaop5i

9-00 Choice of Inside Design Conditions
opgPsaopd  eI0ddIsac[gmacsqpiogt  6oysdgdeomEioogd thermal comfort  [goopdn
2005600082005000 [§620p50p dens(feel comfortable)qaopdn
(0) egepaB0gE erumapgS(air temperature)oopd mean radiant temperature 0005 J[gEao&aopd
6eonCiepaB038 Grusae S (air temperature)oopd mean radiant temperature 0005 3860082001

() 209832038 qibeq) ecomagiE(average air velocity in the room)oopd 0.15 m per sec cood &
ogp:0o&ill Bea0d 6rzeg$ (air temperature) 26°C cood dqpagié ecosaagE(higher velocity)

Bqp: co§aog

(p) Relative humidity 2005 G§% $& Eo% 3a[o3p: (45 per cent and 60 per cent) [gdoo&oopS
(G) Relative humidity 2005 Qo% (70 per cent)cood GegpsooCdl

(§)) Dew point 2005 2°C 0005 w5pd:00ECN

(6) BseslEes olgeoonnd mojomid :20§Soofgpegiod (temperature difference between the feet and the
head) $p5:00&20001 GoS320egE 1.5°C 0005 § egp:aoill vp52005 328lg) 3°C cood Jugpzooldl

(Q) cpgps ©050005652005 GsepyPigbagiE [036:0C:32088 (floor temperature)oopd 26°C cood Jugp:
2083l 17°C 00050052 & 05052008l

(9) Radiant temperature asymmetry [§8[g€:0005 eslEcd05sa(gE (vertically) o3¢ 5 005 Gugpzootdl
s0gP:adod0p (horizontally) 10°C cood & ogpsoo&all
(@) 07g$8Cea305a38 dolqg(carbon dioxide content)aopd 0% 00053 egpsooCd (should not
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exceed about 0.1 per cent)

9-00 Climate Data Requirements
32680005338qp2el HVAC 9300pod ACMV system gp:o? 8&C:qpb00p)324] sacepanodiadieomn
006c8:000960 00p56e0005000:0005 Gepel pBPoRsE 20058882005 FogIEdZCLNYP:d gpeglgs

$C¢ 9eeonligls [gdoopdn  “Weather” $& “climate” &300pd $pb:0pm edlumgsdend Bigoocow
§qCzcuagn §0200p52060260l05002:00E2001

Climate: Weather:
Q' Average weather over a QDaily conditions,
long period including temperature
Q Influenced by slow and rainfall
changes in the ocean, ac
the land, the orbit of the o ShARgS vary
Earth about the sun, and rapidly from day to day,
the energy output of the and from year to year.
sun QChanges involve shifts
QO Fundamentally in temperatures,
controlled by the precipitation, winds, and
balance of energy of the clouds.
Earth and its
atmosphere

$ “Weather” $C “climate” o3[qpaqps
Weather a30000¢0 656pond9apl 32§8§006§§S [96edlesaopd erompuddosiC soelgmees
[§0o0p5i  Climate &30S oo ez00d9el  FEB0d  [gdedlesaopd weather  soclgzacs
GO00F6[g365GP: 9eIEs00gE: [§d20pdN

"Weather" &82000¢0  Gsepond9]  0005005000:a0p)  3§§000903E  [gBedloopd

Goo0=6[g36s (set of atmospheric conditions prevailing at a given place and time) [gdoopSn
"Climate" e320p5¢> 632000895 epBpsacfgeaesyp: cd:opdicondgls(integration in time of
weather conditions, characteristics of a certain geographical location) (990051 eseepEedje
oonpd[gCs(differential solar heat input)$& oaene[gqed50[gCe 30a0050g0590r8[g8:(uniform heat
emission over the earth's surface) o3elop¢ global level climates [g6cclao0u

Climate 2095 building performance 1 HVAC design $& g&:328ad:gq(energy consumption) o}
med 203E0056epode :2035¢p00dI
Climatic $& 20056382005 228m3a105(key objective)gpaen
(0) 22680005338200305 03:qERDES:E mSmofodergpq8Ees (to reduce energy cost of a
building)
(J) Mechanical system $C ©05qggdisans(power)qp:od ©a):03 00058800y 005earE05
[sbeoepd $pbiqpio? a0pdgab
() WYP:320305 2005eaNEPSIMN[YOeoe) 2oclgIesst oyicesé PBpgcdo0d egmacs

comCsqpigé o3:c0sqé (to provide comfortable and healthy environment for people)
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9-00.0 Classification of Climates
qpOguSqedsaqjeqfe(different purposes)gé climate gpzod  sa§jemoon:(classification)  F[gp:
oonso0pdi Climatic condition qpsod a80dq) tropical 1 arid 1 temperature $& cool 020p5[g¢ climatic zone
qp2 3[epaconz000i
(o) 32632:3E:(Cold Climates)
Cold climates, where the main problem is the lack of heat(under heating), or excessive heat
dissipation for all or most parts of the year.

() 20638&:(Temperate Climates)
Temperate climates, where there is a seasonal variation between under heating and
overheating, but neither is very severe.

(®) gdefgrodeag,eomepapop (Hot-Dry (Arid) Climates)
Hot-dry(arid) climates, where the main problem is overheating, but the air is dry, so the
evaporative cooling mechanism of the body is not restricted. There is usually a large
diurnal(day - night) temperature variation.

(§) ¢=3058godeamnepaBpop (Warm-humid Climates)
Warm-humid climates, where the overheating is not as great as in hot-dry areas, but it is
aggravated by very high humidity’s, restricting the evaporation potential. The diurnal
temperature variation is small.

9-00. J Six Categories Of Climates
Climate gpz03 632:005012203E: Za§jpzaon: (6)§jg lepsoo:00251

(0) Warm-humid (peg:q) 8gobaopd epBpop)
15°N and South of the equator, e.g. Lagos, Mombassa, Colombo, Jakarta 02005 §E&gp:

(J) Warm-humid Island (gag2e) go500pd ogdaqp:S [gbedlaopd epadpon)

Equatorial and trade wind zones, e.g. Caribbean, Philippines and Pacific Islands etc.

() Hot-dry desert (glg€:algpodeny 20pd SBogpe epaBoop)
15° to 30° North and South, e.g. Baghdad, Alice Springs, Phoenix etc.

() Hot-dry maritime desert (0€coudjg€s¢ &:nb00pd ¢fgE:efgpobecy eoo Bongpe epaBpor)

Latitudes as(3), coastal large landmass, Kuwait, Karachi etc.

(§)) Composite Monsoon(¢obadeco cBndecbaopd epaBpon)

Tropic Cancer/Capricorn, Lahore, Mandalay, New Delhi etc.

(6) Tropical uplands(s3ecgomesoogé copd8f8: ofgEew 0000 embesond epBpop)
Tropic Cancer/Capricorn, 900 to 1200 meters above sea level (plateau and mountains), Addis
Ababa, Mexico City, Nairobi etc.

-0 Outdoor Design Conditions
Air conditioning equipment gqpscil capacity o3 eggoda0p088l outdoor design condition gp:o?
26[gd4] egeqiuSe300p5n epadpon(outdoor weather)oopS design value qpooo’ 3¢ eaBsaq€ (0ods5:
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a8 egProdaon:angd epadpopcon’ 3¢ waBigpiag€) air conditioning equipment gp:aopS 3208
2038 2GS $& 83E: sac[geacs (indoor design conditions)ogé comEagnadcon:§Eaupd

006506006 :[gEadimpqsS Boopdd 386ed: oGS (annual minimum  values)odod
design data 32[3® weggdoofali caonliepad(winter)sl outdoor design condition gp:o? egegjed

20050096poRE R§Fa0P) $6(po)on G3OMGpP: (statistical analysis of the previous 30 years
weather data)e 99.6% 0300pcd 99 % o3 egiqda0pdi egepadaa0305 outdoor design condition

qp203 sdod(annually)epaBpore 0.4% 1 1.0% a300pod 2.0 % o3 egegSaopdi

83&:0083s(recommended design values)gqp:oopd @eaonliq§oonoopd data qp:o? 36[gd
conso0pdi ASHRAE Handbook 1997, Fundamentals $& ASHRAE/IESNA Standard 90.1-1999, the design
conditions recommended for large cities in the United States 03¢ egoo0gps §oa8Ea00i

9-09 Use of Outdoor Weather Data in Design
Air conditioning system qpzo? 830006500 6330053l parameter gqps [BlooCpesonEs0ongs
832620001
(0) Indoor and outdoor design condition gp:od saaddge] space cooling and heating load qpso?
005910520201
(J) Coil load 0g05q8820305 summer outdoor dry-bulb $¢ coincident wet-bulb temperatures o3
832500001 Summer outdoor wet-bulb temperature o3 saaddgq) evaporative coolers 1 cooling

towers $& evaporative condenser 020050361 capacity o3 2005005 8dggod[o30251

(p) Outdoor weather data 20p5 §°§edlCs(0q60o) BSedg§E0pd esom(gdeepdi (presented
consecutively for a whole year of 8760 h)i 00dsdad: g&:mCadigqod o§es005q105(year-
round energy estimations)q$ [gdaopdi

(g) Air conditioning system & component qps egeguSepogE outdoor dlimate 205 3280n g6
1603E00m00p5229)05 [gd20pS

9-09.0 Choice of Outside Design Conditions
6533 [4CudiEimalgmnesn’d ogiqudoond $05:(p)spds(three ways of establishing outside
summer design states) §oopdi epaBponsConadedEaopd(meteorological data) esoqGsq sog0d
;ooodgpx(daily mean)sé  coodqbiy  sagod3ac00dgps(monthly  mean)o?  sodgd 6322053
$05:qpesC egapad [gE0BAE: aegmesn? egegud8Eanpd
(0) (@) a[g€ad: cvodqdiy 20§ (highest mean monthly maximum temperature as the design dry-
bulb value)o? egegiuSo0&a0di

(9) 650D :[gEad: gibig 320 $(mean daily maximum temperature) qodsaq), [gdeclaopdcw

Mean daily maximum o3 adjust cpdej 33§85 [96edloopd 8c3Ess0(coincide with the time of the

humidity value)o? egegudooCoopdn 320§ (dry bulb temperature)s¢ cooco8adEsso(humidity)ode
o060 psychrometric table qps 9300pdd chart gpo? 30ddgg) eoad) eeegilofq(moisture
content)od 0053k

Moisture content $& mean monthly maximum temperature o3¢ wet bulb temperature o3 gpdli
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() egepBoogpzd [gdedloopd [B8gS:(frequency of occurrence in the summer months)od
:6[gd4) [gEoscumpd (outside dry and wet bulb temperature)gp:od cgeqoS[gEs

(p) ©32032038: 20&enyP0pd GSER] 2agdCLdYR} e(gde] g6 0059595 030503
e egegud[et:

9-9G Design Conditions for Heating and Cooling
Comfort cooling 220305 20&eaqpaopd indoor temperature 00pS 22°C(72°F) [gbo0pS
32680005353 (building)qp:og  0obeofoonsoopd heating system a3ewrod cooling system 20p5
egpcoCoosoop) Faadidked: [gEusae[gzacs(extreme outdoor conditions)ogE 2005005000005
indoor design condition 03 GomEign 038:002:8EqeRdi ABegProoosoopd medickad: [gEo
:e[gzacs (extreme outdoor conditions)od outdoor design condition vp @elaopdi Building cooling
load ©oz05q05e€ indoor design condition $& outdoor design condition $6§E o3 Bigo
2005005q§ 3=620051
Outdoors
(winter design)
-6°C
24 km/h winds
Dallas, Texas

Indoors

Q 9-@ The size of a heating system is determined on the basis of heat loss during indoor and
outdoor design conditions.
Indoor design condition $& outdoor design condition o303 2005005200598l Bsgnieepang

Sy o§od5p5gE:(economics)sé 2005600 0050:[gb[gE(comfort)od p8ges?nE  §Eo3qepS
cBoR$eoahaacgad mBmmqoden erbogtisbedion epoBporo? okehifal: [gdoophs epaBpopa}
BHoed: [0zt 0§05:8E[g:(best weather forecasters)gé cooling load qoo8a? 3By
c0c3660

3250005038 [gbelaend epaBpopod  [onesesigtioond (G300 $Ogpion
PBporgpe? Grpa[gEioopd scomEiad: [§8ao0pdi [G:30pds0600 G30MGPE0Rd 65oEs803
BBendgopd sacomEiadiesomygps [§8aopdi (the past weather data averaged over several
years will be representative of a typical year in the future)
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Table 3-6

Weather data for selected cities in the United States
(from ASHRAE Handbook of Fundamentals, Chap. 24, Table 1)

Elevation Winter Summer
Wet
Dry bulb, bulb, Daily
99% 971% 21% 2% range
State and station ft m °F °C °F °C °F °C °F °C °F °C
Alabama, Birmingham AP 610 186 17 -8 21 -6 94 34 75 24 21 12
Alaska, Anchorage AP 90 27 -23 -31 -18 -28 68 20 H8 14 16 8
Arizona, Tucson AP 2584 788 28 -2 32 0 102 39 66 19 26 14
Arkansas, Little Rock AP 257 78.3 15 -9 20 -7 96 36 77 26 22 12
California, San Francisco AP 8 2.4 35 2 38 3 77 26 63 17 20 11
Colorado, Denver AP 5283 1610 -5 =21 1 =17 91 33 59 15 28 16
Connecticut, Bridgeport AP 7 2.1 -6 =21 9 -13 8 29 71 22 18 10
Delaware, Wilmington AP 78 24 o -1z 14 -10 g9 32 74 23 20 11
Florida, Tallahassee AP 58 18 27 -3 30 -1 92 33 76 24 19 11
Georgia, Atlanta AP 1005 306 17 -8 22 -6 92 33 74 23 19 11
Hawaii, Honolulu AP 7 2.1 62 17 63 17 8 30 73 23 12 7
Idaho, Boise AP 2842 866 3 -16 10 -12 94 34 64 18 31 17
Illinois, Chicago Q'Hare AP 658 201 -8 =22 -4 =20 89 32 74 23 20 11
Indiana, Indianapolis AP 793 242 -2 =19 2 =17 90 32 74 23 22 12
lowa, Sioux City AP 1095 334 -11 -24 -7 =22 92 33 74 23 24 13
Kansas, Wichita AP 1321 403 3 -16 7 -l4 98 37 73 23 23 13
Kentucky, Louisville AP 474 144 5 =15 10 -12 93 34 75 24 23 13
Louisiana, Shreveport AP 252 76.8 20 -7 25 -4 96 36 76 24 20 11
Maryland, Baltimore AP 146 44.5 10 -12 13 -11 91 33 75 24 21 12
Massachusetts, Boston AP 15 4.6 -6 =14 9 -13 88 31 71 22 16 9
Michigan, Lansing AP 852 260 -3 -19 1 -17 87 31 72 22 24 13
Minnesota, Minneapolis/St. Paul 822 251 -1l 27 -—-12 -24 89 32 73 23 22 12
Mississippi, Jackson AP 330 101 21 -6 25 -4 95 35 76 24 21 12
Missouri, Kansas City AP 742 226 2 -17 6 —-14 96 36 74 23 20 11
Montana, Billings AP 3b67 1087 -15 —-26 —-10 -23 9L 33 64 18 31 17
Nebraska, Lincoln CQO 1150 351 -5 =21 -2 -19 95 35 74 23 24 13
Nevada, Las Vegas AP 2162 659 25 -4 28 -2 106 41 65 18 30 17
New Mexico, Albuguergue AP 5310 1618 12 -11 16 -9 94 34 61 1le 30 17
New York, Syracuse AP 424 129 -3 -19 2 17 8 31 71 22 20 11
North Carolina, Charlotte AP 735 224 18 -8 22 -6 93 34 74 23 20 11
Ohio, Cleveland AP 777 237 1 17 b 15 88 31 72 22 22 12
Oklahoma, Stillwater 884 269 8 -13 13 -11 96 36 74 23 24 13
Oregon, Pendleton AP 1492 455 -2 -19 5 -—158 93 34 64 18 29 16
Pennsylvania, Pittsburgh AP 1137 347 1 17 5 -15 8 30 71 22 22 12
South Carolina, Charleston AFB 41 12 24 -4 27 -3 91 33 78 26 18 10
Tennessee, Memphis AP 263 80.2 13 -11 18 -8 95 36 76 24 21 12
Texas, Dallas AP 481 147 18 -8 22 -6 100 38 75 24 20 11
Utah, Salt Lake City 4220 1286 3 -1le 8 -13 9 356 62 17 32 18
Virginia, Norfolk AP 26 7.9 20 -7 22 -6 91 33 76 24 18 10
Washington, Spokane AP 2367 718 -6 =21 2 —17 90 32 63 17 28 16
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Table 3-7

Average winter temperatures and number of degree-days for selected cities in the United States
{from ASHRAE Handbook of Systems, 1980)

Average

winter

femp. Degree days,” °F-day Yearly
State and station °F °C  July Aug. Sep. Oct. Nov. Dec. Jan. Feb. March April May June total

Alabama, Birmingham 54.2  12.7 0] 0 6 93 363 5bb 592 462 363 108 9 0 2551
Alaska, Anchorage 23.0 5.0 245 291 b5le 930 1284 1572 1631 1316 1293 879 592 315 10,864

Arizona, Tucson 581 14.8 0] 0 0 25 231 406 471 344 242 75 6 0 1800
California, San 534 122 82 78 60 143 306 462 508 395 363 279 214 126 3015
Francisco
Colorade, Denver 376 344 6 9 117 428 819 1035 1132 938 887 558 288 66 6283
Florida, Tallahassee 60.1 15.9 0 0 0 28 198 360 375 286 202 86 0 0 1485
Georgia, Atlanta 51.7 11.28 0 0 18 124 417 648 636 518 428 147 25 0 296l
Hawaii, Honolulu 742 23.8 Q 0 0 0 0 0 0 0 0 0 0 0 Q
Idaho, Boise 39.7 461 0 0 132 415 792 1017 1113 854 722 438 245 81 5809
[llinois, Chicago 358 244 0 12 117 381 807 llob 1265 1086 939 534 260 72 6639
Indiana, Indianapolis 39.6 4.56 0] 0 90 3le 723 1051 1113 949 809 432 177 39 5699
lowa, Sioux City 43.0 1.10 Q 9 108 369 867 1240 1435 1198 989 483 214 39 6951
Kansas, Wichita 442 7.11 0 0 33 229 618 905 1023 804 o645 270 87 6 4620
Kentucky, Louisville 44.0 6.70 0 0 54 248 609 890 930 818 682 315 105 9 4660
Louisiana, Shreveport 56.2 13.8 Q 0 Q 47 297 477 552 426 304 81 0 0 2184
Maryland, Baltimore 43.7 6.83 0 0 48 264 585 905 936 820 679 327 90 0 4654
Massachusetts, 40.0 4.40 0 9 60 316 603 983 1088 972 846 513 208 36 5634
Boston
Michigan, Lansing 348 1.89 6 22 138 431 813 1163 1262 1142 1011 579 273 69 6909
Minnesota, 283 —1.72 22 31 189 505 1014 1454 1631 1380 1lle6 621 288 81 8382
Minneapolis
Montana, Billings 345 1.72 6 15 186 487 897 1135 1296 1100 970 570 285 102 7049
Nebraska, Lincoln 388 411 0 6 75 301 726 1066 1237 1016 834 402 171 30 5864
Nevada, Las Vegas 53.5 12.28 0 0 0 78 387 617 688 487 335 111 6 0 2709
New York, Syracuse  35.2 2.11 6 28 132 415 744 1153 1271 1140 10D4 570 248 45 6756
North Carolina, 50.4 10.56 Q 0 6 124 438 691 691 582 481 1h6 22 0 3191
Charlotte
Ohio, Cleveland 37.2 3.22 9 25 105 384 738 1088 1159 1047 918 552 260 66 6351
Oklahoma, Stillwater 48.3  9:39 0] 0 15 164 498 766 868 664 527 189 34 0 3725
Pennsylvania, 384 389 0 9 105 375 726 1063 1119 1002 874 480 195 39 5987
Pittsburgh
Tennessee, Memphis 50.5 10.6 0 0 18 130 447 698 729 585 456 147 22 0 3232
Texas, Dallas 553 13.3 0] 0 0 62 321 524 601 440 319 90 6 0 2363
Utah, Salt Lake City 38.4 3.89 0 0 81 419 849 1082 1172 910 763 459 233 84 6052
Virginia, Norfolk 492  9.89 0 0 0 136 408 698 738 655 b33 216 37 0 3421
Washington, Spokane 36.5 2.83 9 25 168 493 879 1082 1231 980 834 53l 288 135 6655

*Based on degrees F; quantities may be converted to degree days based on degrees C by dividing by 1.8. This assumes 18°C corresponds to 65°F.

Table 3-6 $C 3-7 0303€ weather data qp:03 cedlgoonzoopdi 0@ 63000¢P:0RS GLE
§E¢§ 300000 oosiqps(weather stations)e §§o0pd 6303005008:qp:(records)ad sacgdoo:aod
0068080088l 9odondionEomonpd esom(weather data in hourly intervals)qps [g&2025

The 97.5 percent winter design temperature represents the outdoor temperature that will be
exceeded during 97.5 percent of the time in winter.
SALT LAKE CITY, UTAH
97.5% Winter design temp = -13°C
No. of hours during winter (Dec., Jan., and Feb.) = 90 X 24 = 2160 hours
Therefore,
Toutdoor > -13°C for 2106 h (97.5%)
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Toutdoor < -13°C for 54 h (2.5%)

The 97.5 percent winter design temperature represents the outdoor temperature that will be
exceeded during 97.5 percent of the time in winter.
2000520680005333¢ps(ordinary buildings)ss0305 crSoj0§od(economics) $& 20056000¢
2005000[gdg(comfort level)od gooesnt §§eoqs 33260001

6e00C:qpa3320305 £q.§% (97.5 percent level in winter)oB 0ooo0e) 005/05(gE: [gdoopS
0065p5:3049¢ heating system o0pS thermal comfort o3 008560%:§ §o§ellC:el 2q.§%(97.5
percent of the time)=o§§03¢ [§dedlepd 3263:e0: 3204803 326[gde) 030dgd[gE: [§Ba0p5N adeadd
PBpopmadickad: J.9% $0§ 2qSqpiogE od heating system oo 200560000050 [§deoLEd
2003 000560:8EB860pS vupddeon (but may fail to do so during 2.5 percent of the time)

pow>- Denver, Colorado 320305 97.5 percent winter design temperature 205 -17°C [goopS
a3eo05 Denver &l 320§S (temperature)oood =o§$50§ sospdicde, -17°C cood 3868Eo0p5
O8s0qp:(typical year) ceonCiepadcogpiapl adedsaigE -17°C c00d 38860005 sndediCsonpd J.g%
[g©20p5n (about 2.5 percent of the time during winter months in a typical year)i 97.5% [g6c0lopd
32632280 -17°C 03000 outdoor desing temperature s2[g6 356[gd4] heating load 03 0052051

Feeg3ro0pdcpoeSigps(critical  application)g®o0pd  eeog)  GeoeSigp:  (health care
facilities) $& 00,600 ©05geRGCSiqp: (process industries)ogé 99% 2208 vrogE5gs B=ad(require

the more stringent 99 percent Ievel)oaén

Table 16-4 038 ¢e00E:epa35C egepad $O6Jpadi320305(for both cases as well as summer comfort
levels) outdoor design condition qp:o3 eeS[goonzoopd

eaonCiepad(winter)soogod weather data epdEg&s(percentages)oopd 8alom(December):
aSsd§(January)sé  eocsddl(February)cogp: 3a6dlopE  =a6fgdoopdi  egepod(summer)sa0305
g&co(June)o 0odon&om(September)cogpsell weather data saedlogé sae[gdoopdi GeonEiepadeo
(p)co(three winter months)el qodediEs(@o) saedlogt 3a6[gdaopdi §o§edlE: (joko) [gboopd (total
of 31 + 31 + 28 = 90 days and thus 2160 hours)

aBelopE heating system o0pS 97.5 percent level 3a60logE sa6[gd0o:00pdi epadpon
adickedsmnc(gaecs §0§60IC:(5)5)50§0803E cdea05000d 3265:e005(comfort level)o3 coodeos
§E8c880pS wupddeon (2160 X 2.5% = 54 hours during the heating season of a typical year.)
§°8018: (§5)50808 J.9% 0§03 pzagP:90p5 2003[g8c86epSewrodeon (most people will not

even notice)

0000pd[03sen:0000 Faeecnodmed(large thermal masses)qpiogE 3] colqpzoopdi 20860
208 (minimum temperatures)oopd $505(6)508e (0)5§0§0&(occur between 6:00 AM and 8:00 AM
solar time)og¢ [gdedl2opbi

Design load $& actual load o3 ogo[gp:ecp§oopd Heating system a300po5 cooling system
qpogE peak heating load o3wupod design heating load o3 steady-state analysis ¢ ogo5opo0pdi
Heating system saguSsaen: 6g:q5q§320305 indoors & outdoor design condition gp:o? 2005005

§oop51 0398 2005005000 gEgE system 205 egProEommoopd =adied: aclgssesqpa(anticipated
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worst  conditions)ogE eoy$6000 00§:3038:  206[gIes (308 )qdesE comligy  perform
0660:q8320305 [gdoopd

oBodes00pdec0(wind)elogpE(eroodndsss) saponielgpldgts(heat transfer) Sgpsaoroopdi
B:[g€  eencdBel  sqgps(walls)  ealEs(roof) $&  [JooCiedlodgpi(windows) ©2005035
[§6edT2005 convection heat transfer coefficient qpzaon§Eaogdi Infiltration Sgpzcon§Eaopdi

Belopé  epBpopmagodsacondyps(weather data)o?  cud[goopdsedl erocdodgss(wind
speed)od eudlgqoaopSi Heating load $& cooling load gps 03058 GeonCiepad(winter)sa0305
F20d3g[ooCo0pd eroododgss(wind speed)aopd 15 mph (6.7 m/s)igdo0pdn cgepad(summer)sa0305
7.5 mph (3.4 m/s) [g®aop5

326800053861 2:[gEonndedaéd(outer surface of a building)saog05 convection $& radiation
$6960IC:(combined)220305 ASHRAE ¢ 6aona5$aon:000d(recommended) heat transfer coefficients
5$C corresponding design value o3 63005038 Geb[gaon:a05i

ho,winter = 34.0 W/m? * C = 6.0 Btu/h * ft> * °F

ho, summer = 22.7 W/m2 * °C = 4.0 Btu/h - ft? - °F

Wall 6e0nC:qpadsE egepad $6§Em0305

'[ d -_. O d o o - -

ndonts om0 3260005386 22038:44 (interior surfaces of
) e a building)gp:320305 recommended  heat
--- tran.sfer coefficient value 205
T hi = 8.29 W/m2 * °C = 1.46 Btu/h - ft? - °F
[ e
[ e

w w
WP e e

2 e B

& 9-q :escodmmPel :[§E4§sE 20038:8¢ (outer and inner surfaces of a building)o33 [gbedlopd
convection §& radiation $6§seClCs(combined)sa0g05 GenCiepad 83E: o0§3:(recommended
winter design values)z20305 heat transfer coefficient qpso? $o3€ ewdjgoorzaopdi
Insulation  GomEsoopdzacacodaadyps(well-insulated  buildings)secgod  qodso[gle
;oopeplig(surface heat transfer coefficients)oopS overall heat transfer coefficients &l
Go03c050005 32805323 E:(small part)goos [§620p5n ee[gpoenmnda0pd Ve [§8205:
65epa3038 [GE0BaBE:e00005 3208:30038:§ BcdE:e00005 3209S3qpzoopdn (In summer,
the moisture level of the outdoor air is much higher than that of indoor air.) adefopé& [g€oe
oCaeepodonepd §adEisoqpa eqag qps infiltrating $& ventilation el [gdeilamnepd dodlieoss
eqeg,qp: 03 cooling system oo ©Sapodeuigepdi 0303 vuSaoodeu:daSaao305 cooling system
capacity 2005 cd6a0563:08 [03eniqs 832620001
Cooling system qpscl 32905902203 egegdo00deadqs design condition o3¢ [gbedlesepd
[goeroasf eqegilofesg(moisture level of the outdoor air)o? 93q§ c332600051 cdelopE wet-
bulb temperature 03 2005005(g8:(specifying) [g520p51 Wet-bulb 20p5 803E:e003 eublge§saoz0d
32607800t 238[g038:0089(a good indicator of the amount of moisture in the air) (805
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caonCiepaBesnieso0pderoadoyt doesopd eqeg Glofgoond sacgSspd:i(moisture level
of the cold outside air is very low in winter)eooelop¢ building heating load 03¢ sa0jjgoo0Seepady
ofgbecleor oodsodimanigé @eonCipadort 08{gEudadEimoo0d =esimaoylicnnd 386eom
elo3p¢ heating load 0305epag€ 803E:e003 copdoz05s wadzadeoi

Specific humidity, @

Dry-bulb temperature

<°3 9-© Determination of the relative humidity and the humidity ratio of air from the psychrometric
chart when the wet-bulb and ambient temperatures are given.

3268000538¢p:(buildings)el heating and cooling 920305 solar radiation 00505 228

(major role) oqja0pd329105 [§620p0n Heating design load $& cooling design load qpso? so§:08[gE:
(evaluation) [gjop&aopbeadl saeqg0dso0pdmaqiodealgd copdagls opientonaogdi Peak heating load
2000 &sodeoneenogC(early in the mornings) [g6edloopdi eseagodel(sunrise)3a$S  solar
radiation 2005 peak or design heating load $& heating system sagoSsaon: s6dlozé saojpo00d
eepodg ofeon Solar radiation 20pS actual heating load ssedoz€  maojo00SeePodegoopd
2eencdJel  ghmalodida(annual  heating  energy  consumption)o}  a328axom

eagpspdieofand
poe> - Summer and Winter Design Conditions for Atlanta

Outdoor design conditions o3 0g05Ch Atlanta, Georgia & Ggepa3(summer)za0305 2.5
percent level (9620001 GeonEsepad30305 (winter) 97.5 percent $& 99 percent levels [gdoopS

w6g- United States § 828co[g [0F:qpe(major cities)eil climatic conditions qp:od Table 3-6 $& 3-7
03¢ eud[goonzoopdi Bause indicated design levels o3 ©a50p8Ea005

Winter Toutdoor = -6°C (97.5 percent level)
Winter Toutdoor = -8°C (99 percent level)
Summer Toutdoor = 33°C

Twet-bulb = 23°C (2.5 percent level)

Atlanta 6300§ heating and cooling system gps 320305 3200050l outdoor condition gp:o3
2e[gde) 20gudmon: 6gigud§Eaopdi 300l wet-bulb $& GrocosE§S(ambient temperature)
q§qi€ psychrometric chart o3 32034gjq) relative humidity $& ccoel humidity ratio o3 €205

2-28



eomEs0005028 Chapter-2 Basic Heat Transfer

Specific humidity, @

Dry-bulb temperature

('P 9-¢ Determination of the relative humidity and the humidity ratio of air from the psychrometric
chart when the wet-bulb and ambient temperatures are given.
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