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Chapter-5

Heating Load Calculations

(RIT/YIT e§0058:50(opRs)) Air Conditioning 00025 [ggp$ierspdlgdaopd Air Conditioning
Principles and Systems an Energy Approach (4™ Edition) by Edward G. Pita 0300 3208:(p)0%
omamg§edoopd)

Cooling load 936005 heating load 0305q§ 326e00053586p:S 3agonse|pEig(heat transfer)
[§8ed 603 eoogpge s0:0050060medl05gs 8620051 :209dq(resistance)eomEieco sapeagPadaR:
§Eg&:(conductivity) pdqEseco[gb[G: saponsalgpiag(heat transfer) sp5:eco [gdoopdi

[4§08E2§  ma[ofromimaeeonodendyp:  smidsickap  sapeoopdesd(heating  system)
00680€002:200503 603 [4EqS0p5 3agpeadgE air conditioning system a2 0o6s0E[0300051 Cooling
load o305q$ 82262000 =ae[gdo0comooePIgPInd GoOgPE> 26o0:B5sRd eomedndcogs
30305 heating load 320§:03 omom[g§ad[gldgdoopdn oog.eom  3agEdEP:d  cooling  load
calculation s»e$:(chapter-6)a3¢ gE:e[goo:dl

o080 memasdliescogpiog  00pdesmnndoonsaop) 8368000533 gPizaced
8326000 heating system 220305 heating load o305505sqps GE:035E 20056882005 coeImaePgpH

3208:02:9306[gdqP:0d cedlgaon:00odi [g§en 08omel cerogpa 03E: 0a0pd8EEGP: ssceondmaBgp:
o€ heating system ooSeo€ecpe§eamelopé 0305§0decnaiedEeaddaopss air con system cooling

load 0g05epoge ojEaedianpd qpig> :aecondmamgi8Eeamnalopé copdagtiesdlgge: [gdoopd

0]3208:03 6eoaGies005 630050 206000epPigPR? §9:00p5206o6AN5EE

(0) 326800052086800050pE00:0005 38053>38:(building component)qpsel R 00$3:(R-value)s& U
00§3: (U-value)qp: gpegooodes

() 88030500 22680005358 0opSepes0ss odoSp8oopdmnesiancylisC :esiyto 8&8: mo§Syp:
(indoor and outdoor design conditions)o? egegudoncdes

(p) 30083(room)s¢ 3268000533 (building)o30R€ [g6edlepd heat transfer loss qpo? 0gob0005qS
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(G) 30083(room)sé  36e0005me8(building)adad  88ofepd [gCoecust  copdeuiqepd  [goeco
(infiltration and ventilation)qpseloypé [gdedlepd heat transfer loss gp:od ogedo0d5es $¢
(§) 32083(room)s¢ 3268000533 (building)o3320305 heating load 03050005q§$03 (&5

6e00Csepad Bewnod Fwescmodmflgo 2:¢§886apdmelgercsqpiogt e8P 39680005
322003855 20056000¢00500[gdeowpd 30FE03 ABS1000:q5300305 heating system 0oOs0oon:q$
832600001 o308 3030390:$¢ energy efficient =ofgbed: heat load calculation $05:03
eed[goozaopdi [g§e08EE§ 268000528 ¢piopE heating system 006e08q§ ©ceo0500pd: cooling load
0gods5:03  ogibioCey  §0300pbo0GoMEANNgS 36a00c5Fd  2203E:em[gEl Jewpod =gl
3209808 20qpsBiop:003 §0:00p0206oed05q$320305 heating load 0g05q05sp5sgpiad olgbues
Geeogs 3=600p5n Heating load 0305505:03 s0:00p50060m60l05¢000 cooling load c305500:5¢
heating load 0055p5:0361 oa[ep:gI0503 s00Sc005eN8EBGLRS

§)-0 Heating Load

[gCom0qs =20p8886a0pdma8l  3r08:3a038:320§8 (indoor  air  temperature)o?  3208§ 0005
FOFS0RE 038:002:9$320305 heating system 03 0odEcopS0A5gS Bm6o0pdl [GEomugS IS
§620p5326] 320§:30038: 200§ oqeotiogniqoopd Ie[gdsscopsdyjien -

(0) mepoxe(gpE{gs(heat transfer)elo3pé [gdaopdi

() ossmoplse  egiesoopdecogps(warm inside air)oopd  Sdgpi(walls)  [gooEadladyps
(windows)s& onfepiesepypz(other parts of the building envelope)o? [gode] esaes0005 [gCo
(cold out side)ad sa0qp:Beonogzoopdi 326800053588 Grvecdapd Zaedlodyps(openings)
eondsol  [gEuecemagp: 038oq(leakage of cold air)elopé FeeSi3a09E:03 croeTgp:
o8aepod(building infiltration)coom saped:geq [gdedoopbi

30303 Fopedigsagps(heat losses)od  olgqsenogod  edigoopdmapst  vedaNoRE8o00d
FOGPE0? 308:30038:03 :290056[g0d copdeuig Bzaba0pd

320008 Bges[glod  energy equation [9¢  eodg8€a0pbi  ma0&s(room)  a3ewpod
32680005208 (building)se038:§ acood control volume s3(gd 900500500051 320520503 copbegeRd
@&l (energy added to the room air (E;,)) 2090 heating system o cocbeosqepdsapoean(heat
supplied)$¢ 0pp8qepdi ogodognsoopdenpuwnn(heat removed - Eout)oopd 3208:330p80 adig:aopd
goean(heat loss - Qout) [g6o0p5n 288:e0p5:000:0005 @&3aE(stored energy) 6lgpEsde(Ec, )05
:0$:09E:§eco(room air)ei enthalpy(He,) efgpE:cdg(change) (b5

where
Eg, = Ejn— Eou Ha = change in room air enthalpy
we obtain Qi = heat supplied by heating system

Hen = Qi = Qou 1) Qout = heat losses from room air to outside

:208:098:  GozpeS(room  air  temperature)oopd enthalpy 3360l0aE  ©oopSo0bn  Air
enthalpy ogeos(decrease)nqiC spofiza0pE:q crosa0§S (temperature) ogeos(decrease)ooodn sood:
2R cromegS(room air temperature)od 320300 temperature o3¢ AB§:c00:q$320305
enthalpy 00§3:03 wegpEiadeaant(constant)adsscon:qs 822600001 3205:320§8 we[gpEicdeondnge
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adsgagmia0pd 30N [gScopdeuiqepd saguenan opoBeepdi Energy equation o3 =aodige)
632005332038 cud(g§Eoopd

0= Qin - Qout Where
Hq = change in room air enthalpy
Qin= Qout (5.2) Qi = heat supplied by heating system
Qout = heat losses from room air to outside
Room air
Qin~ry> if0. =0 S Do
(heat from Oin o (heat loss to

heating system) Hep =0 surroundings)

TCh = O

c;) §-0 Heat exchanges between room air and surroundings. If heat furnished to room (Q;,) equals
heat lost from room (Q,.: ), room air temperature remains constant (T, = 0).

O (9-0)0p8 08:30038:03 308:080$E 30gP: ogodogd(heat flow into and out of a
room)o3 eodjgoon:aopdn Equation 5.2 vq room air enthalpy (00dsp5:smdgE temperature)o?
32038§00p000$3:(desired value)ogE wefpE:cdesant (constant) aB8§:c00:q8320305 heating system
000560:000) =2 (heat supply)2opd F20$s0 ad:geognroopdsap(heat losses)$E pBgqepdi

0329052000 heating load og0bqiod[gEssE cooling load cRodqIodepoge  sacgdoo0pd
28mmged [gdoopdn 3a6e0005m:ed(building)  0odemacglie  edsgrognsoopdeapyps(heat  losses)o?
3209050007 0305098 E00p5n ABeondeot heating equipment gpsell capacity 03 005082005

26800058 Jewpod 3205:03 308§00d 30FS0p¢ dBS:00%:§EqEm0R05 copdeusaepd
;2000003 “heating load” vp celoopdi (The amount of heat that must be supplied to keep the

building or room air at the desired temperature is called the heating load.)

Heating equipment 1 piping saguSsaen: $¢ duct sagudsaens(sizing) egqudg$320305 heating
load 00§3:03 cBoBoqo30R056$ 300005 gdsaaCadigq(energy utilization)qpo? GrRCLIq$E0R05
heating load 0305[gE:0005 mae[gdsasod(fundamental step) [§6o0pbn 832005 =oq§on heating
system 83E:006q5820305 F00ad:geq(heat loss) 0305q105epogE cBogespdieomelope [gooosogpign
[§8ed32025

eoys0gudeomEsonpd IS0 Seq[gls(unsatisfactory indoor air conditions)sé g&saeC
RS pEoedod(energy  costs)qpegls  ooopdlgocosogp:  [gbedloopdn  Belopé  8Eeqps
:23320p55qp:on heating and cooling load calculation method gp:o3 32033203100050058: 80550q0Rd
0pSsqD:opdinqps(code)o’ [ggrdidlogoopd (Cooling load calculation methods will be discussed in
Chapter 6.)

Heating load 20p5 22680005338qpa(buildings)ozé [gbeclaopd sapedea(heat loss) ())dj
elop€ [9620251 (o) heat transfer losses $E ( ) infiltration/ventilation losses o3[g&oopSn
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eamcd0gE powlgé  eudgoonsoopdn  3208:32038:§  eco(room  air)sé  GodicSosioqC
(surroundings)o3ogE  saponie(gpligls(heat exchange) [gdedloophn =eefimncgliad copdeosoopd
m20(heat furnished to room (Qin))20p5 pe§ie 80:g:a30:0000 3apuwdan(heat lost from room (Qou))$¢

0pBesaqC 2:008:30§8 wolpCicdad 0opdBE(room air temperature remains constant (T, = 0))
6503665

=

Ceiling

Warm
= air

Window

- Hot water

convector Cool air
B S

e
('3 §)- Heat transfer by natural convection from a terminal unit (hot water convector) to room air.

§).J Heat Transfer

GIONOOITPe  992§e0gnE0pd(agdog0pd)  mapgp:(building  heat  losses)oopd  3a0
opse[gpegts(heat transfer)alopé [gdo0pdn Belopé seponelgpl:d(basic features of heat transfer
process)od §:c0p5e8 a33a60005

2R8:sC:[gC osep()93ao0pe [gdedloogd sap§Soofgiqod(temperature  difference)
elop¢ magqpsBiopsognsfats(heat is transferred)gdoopdi 220§§[gEaopdesep (higher temperature)e
20§§860000esep(lower temperature)odoon mpgp: 3c88a60qpod  B:o:8Coopdi aponelgpig
(heat transfer) [96cCl8Ea005 $p5:(p)sp5x(three different ways) §oopSi Conduction 1 convection $&

radiation o§ @Sooén

Conduction

Conduction 20p5 3aepogg|ood9(body)el 3203E:5[qode) [gbeclaopd sagopsegplsg(heat
transfer) 66 codqjglgbo0p5n a8 sapone(gpisg(heat transfer)gbeolcogsenogad saepogy|(body)
069005 eg.aqpesqs ecdzabeon :2038:§ cedaBoyjpacoigp electron gpion 2003 2ps08s0¢
c00d08més opelgpés oudSesonteudgs [gdoopdi

(Conduction is the form of heat transfer through a body that occurs without any
movement of the body; it is a result of molecular or electron action.)

Conduction §p5:2005 §92c0p50052005 Fa00nse[pEegCs(heat transfer)gbod [gdoopdn 28E
3gps(solids)oge [gbedloopdn pown - eqegadi00pba0pdaadl S:o0pdeqEgiaio? [gode) coodaBEadad
Gepodom ocd[godingé ¢o0dup 02620051 G§205LWIMBYED Feed05IHRE $§(building wall)
69lE3:(roof) ©20pb0oBwondsol conduction heat transfer [g8ed[gE: [gbo0pdn saqpdqp:(liquids)sE
egqps(gases) qpz5eopds [gdeclaopdi
Convection

Fluid qpsog€ sagpsaddgdedioogd heat transfer saqjgeaonien convection [gdoopd
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2600 Bownod meggp: eg.aqpatie [§dedlaopd sapoelpEig(heat transfer)oogd
convection @Booén (Convection is the form of heat transfer that results from gross movement of
liquids or gases.)

pow- 2008232038 Go(room air)o? hot water convector [§¢ sapc0igts [gd20p5H pesa000
20QIgqie950[E308:§ cro(air adjacent to the metal surface) sapqpsBsopdgselopC sr98:30038:q
eeomp§ (temperature) oB:o00001

QGg200p9GOgP:000d  93600p0:e0505s(less  dense)eodeloypEendsfecocaaigps(surrounding
cooler air)oood eQidk(lighter)o sacocbaBo05(moves vertically upward)oopdi 03306 edldkoopd
Googpsoopd space 32038: 900DV @ apses(continually moves  throughout the  space)oopd
00303 convection [g8[gE:03 “natural convection” vp Gelaopdi 20002003E: gdely s3z:(natural
gravity forces)elopp¢ eg,aqpigs(fluid moves)gdoopS

oS oppgtielops  BboopSeofepsniqod(density  differences)  [gdedlconoopd
08600p5sg5p5:000) fluid gpzaopd meedlod [gGonaS(less dense part of the fluid rises)Bs 9360005
qPe(8e ee0xd2005 fluid qpsooRd 6800593 §6s08:(heavier fluid drops)oopdi

Natural convection effect clopp¢ [gdedloopd eg aqpagss(rate of fluid motion) sacg§es:00pdi
Belopé =29 ope[pagS(rate of heat transfer) sacg$spd:0000n so0p8ssSe(rate of heat transfer)
BeomEicoqs 200305 fluid gp: 6g,cqpgSi(rate of fluid motion) dgqepd Fluid qp: eg,aqp:gSs(rate
of fluid motion) J[gScoqs 36g, qP:FeaR0d 0§01 3qESYP:E0R05 V&3 Saddy|(fan for gases or a

pump for liquids)o3oopdi 030398 ©aSoddEdEgs 3a08:ong Sgpiesnt [gepdgéd  “force
convection” o3 Gel2001

Thermal radiation 20p5 o3igpsgodedgy 0opd§lesaopd SaepogoIdyPs(separated
bodies)ood95$¢ onbeaajop: electromagnetic radiation(wave motion)ooodcgodgeselopé  [gdedl
2005 sagopelgpsq(heat transfer)od 0odGs [gdaopdn

Thermal radiation is the form of heat transfer that occurs between two separated bodies
as a result of a means called electromagnetic radiation, sometimes called wave motion.)

Thermal radiation $p5dq¢ sagomelpEig(heat transfer) [gdeilq$320305 saepogpionbec
20d§oopS oofgpimacpoggioobes sapd§oocd Gutae sapqfecpplargh  epboopbaaspogsde
(two bodies)za[oypiogEesd Thermal radiation $p0d9¢ sap8:opsq(heat transfer) [gdccl§Ea000
epogsdezeloypigt eroumsud(vacuum, an absence of all matter) [gdedlesagiCeomt sapdiong
(radiation heat transfer) [g6col §Eo0pSn saepogpigpieslo3n:§ eocdeg(gas between the bodies)ogé

heat transfer [§688eo05c0pd: radiation $p0dq¢ B8 FacpSesi00001 Fepogy| $69mjoioze
328833 (opaque solid object)qp: 0opd8es[gE:elopE Sodedg(gdedlon radiation lgded§Eaon

pow- B:057:03¢ qies000038l (oopddong qfeEi0pd B:00 Fopyp: 951030533 radiation
55{3¢ eepodfomncomelopt [gdopdn ese Fogp: 950030533 eepodangEianS radiation
$5:6[03p& (9620251

2030 ©20pdq0d50[gEqpieda radiation $05{gE sapgpieepoSanoopdsedl ddsaep
ol 390208 gbap(absorboonioopdi erfadgond,a0ph deaepogappieii qodsofdéal Biodq
reflection [§om [g$agodogazoopdi 960pc8052005 sapuwrN0pd FeepE(colon)sé qiodsnlgl [M6sg
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(roughness of the surface)od 8a60laRE ©oopda0pdN Za0pbieepli [138:0000 gEd$lgEqps(dark and
rough surfaces)oopd =eepCsfd: eqpgadoopd qodsngEqpa(lighter-colored smooth surfaces)cood

radiant heat o@ c‘?o?f)o]?%&oopén

- WL A

[

c’g §)-9 Heat transfer by radiation from the sun to objects in a room.

©8(glass)o393 [03500€2005 saepogigP:a? [qodeords radiation [gbeol §E2005n Color tinted
glass gqp:o0pS solar radiation elgdedlesng omaguSomseds(prevent the transmission) coo:8E2005

ABefopé zeepEagtiomeonpdes (color tinted glass)qp:o? heat absorbing glass up calao5

6.9 sapopefpC:ag$:(Rate of Heat Transfer)

0p52005  saepogigPid  ead[godempe 3apeagpodogti(heat conduction) [g®8Eo0pd

EpOgYP07 [0de) 3a¢8sopi0g:000058:(rate at which heat is conducted through any material)2005
633005038 eed[goonzoopd 3a9105(p)q0d 326dl0gaEgonob(depends on three factors)oopdi

(0)2208:0m:q [gBedoopbesepal 20§S [gpig0:q0d(temperature difference across which the

heat flows)
(J)2298:09:9 [3660l2005 qod50[gE e§oon(area of the surface through which heat is flowing) $&

(p)32spoglqPiel 320800203 (&0 958Egbs(thermal resistance (R) of the material to heat
transfer) o3 [g8edl o005

6320053 P84[EHgE, ced[g§Eaopdi

1 Q= heat transfer rate (BTU/hr)
=— XA XAT 5.3
Q=1 (5.3)

R= thermal resistance of material (hr-ft>-°F/BTU)

AT = ty— t; A = surface area through which heat flows (ft?)
AT = Temperature difference across which heat flows, from higher temperature t; to lower
temperature t,(°F)

§).G Thermal Resistance (2509$8Eg&2)
Thermal resistance(R) a320p0¢0 saepogp|(material)gpiel sop8:0psals 8s0CgE:03 vogoms
958Cg: [gdoopdi Equation 5.3 § Q veonoogb thermal resistance (R) sa60lagé @onpboogdi

22680005358 32038293 0€eapada0d Spuedm Bewpcd 0gedagsapd vwdan(building heat
energy losses or gains) $054g8s qpefg€:0pd R 0§8: edlogeonpboopdi R 2000 3E:alg
(denominator) o€ §eomelopé R-value gpeco sapoxelplig(heat transfer (Q)) $pbiecw
[§620p5n R-value $p5:ec0 sa00m:6[gpEsg(heat transfer)owdan dqpeco [g6oopbn
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R-value [g&aopd saepogp|(material)qpsel  sagopse[gpggsa(rate of heat transfer) cssaopdn
0085553309 R 00§8sgpieco 2009d8Eg(thermal insulators) 3eomEsecolgboopdi Air con 320305
go:Codide GaqRspd:e0a8330305 R-value qp:aopd Gsonodcdeepogpdigpi(building construction
materials)qpso? 3203ggj00&a001

R-value 862005 saepogy|(material)qps [gdoopdoogaiqpsoopd sagopelgpggss(rate of heat
transfer) 3eomEseocomalopé o3iEaun(boiler) 1 chiller gpsi heat exchanger qpiog€ 32035(go0&20R51

Gao00dpoequgRd:(building materials) sa:§jzoden thermal resistance gp:o? table A4 o3¢
eudlgoonsoopd Resistance gpso?  2060500(symbol)gpigé  cedjgoon:aopdi pow- "R-6"ad20p5wn
959008820005 (6) [§820p5(R = 6)0p 8830

110 ft

>0

65 F—¢
20 ft Wall ' o5 F

L1

$ §-G powd(§-0) 30305 H[3Gs(Sketch for Example 5.1.)

pow §-0

co(Jo)glfs cu(000)qEboopd(20ft x 110 ft) $§03 eoviLOdeopapd cESIPAd(4 in.
common brick) [g¢ 0opBes0r05000:00p5 $§61 Soefimacn8imnp§s (temperature on the inside surface
of the wall)oop5 65°F (9620051 $§6 [g€0s20§8 (outside surface the temperature)oopS 25°F [g20p51
ooe[pCagsi(rate of heat transfer)od gpdn $§03 [godq) [gdedloopd so08s0nig8:03 gpdl
¢
S (86;9)088 eedlgoonzaopdi Chapter-14 Appedix § table A.4 ¢ R-value 03 oc50pdl

R= 0.20 hr-ft>-°F/BTU per in. x 4 in.
= 0.80 hr- f?-°F/BTU

$8§0203 0050 Area of wall(A)= 110 ft x 20 ft = 2200 ft’

AT = tH_ tL = 65 _ 25 = 40°F
23q[gE2 5-3 03 3eaddgg) 0g05ea05 (Using equation 5.3)
1
Q= R X A X AT (Equation 5.3)
= 1/0.80 hr-ft>-°F/BTU x 2200 ft? x 40°F

= 110,000 BTU/hr

3208:3038:0 320610000 $§03 [gode] dso§ag 110,000 BTU §84q [GE0B mapedu
epoopbop Bagasphy
§)-G-0 Thermal Resistance of Surface Air Films

0R05gIedggP: 030qe0q8320305 $dgpa GalESigpiel qodsngEeonianl §eso0od erosaagd
06903  copdoglipodgEdes 832600001 cpodaopd  d§(wall) Bewrdd  6dIESs(roof) ©20pd
eeon050pdeqpugRds(solid building element)gpsell qodgo[geoniogl erusaagrondy(thin film of still
air) §oopSi woopbeaepyps(solid materials)o3ad0€  eromaa(film)g 3a09dg(thermal  resistance)
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§oopdn comaael 3a09dg(resistance of an air film)oopd edlEadnd(vertical) sacgp:coS(horizontal)
0020p) qod$0[gEercsancons(spatial orientation of the surface)$& qod§0[gEs:§) crozacgi(air velocity
near the surface) a6 o3& ©oopdaopdi

Table A.5 0gC heating load 320305 ccosaag(air film)el 3209dg 00§3s(thermal resistance)
Q203 Gwd{goon:00pdn eeonsepad(winter conditions)ogE croo3ndgs:(air velocity at outdoors)aopd 15
MPH [g&a0p5i §& [gooEsedlad(building element)gpseil sa038:q/0550[gE (indoor surface)sé cBeso0pd
65$6P2§0pd GRS cRdeprgud(still air)up vpsocons(assumed)oopdi  powd(g)- J)oge table A5 o3
3209q|003 qEsy(illustrate)aonzoopdn
2ow2(9Y)

Supermarket oodocl §§oopd 80 ft oqudq) 18 ft [§Eoopdn 003l 20038:§ GromOYS
(temperature of the air in the store)oopd 70°F [gdaopbn adsnopl: $§@a0gS(inside surface of the
wall)2op5 60°F [gdo0p5 $&03 [qode) ad:§eo0pd saguwan(heat loss through the wall)o3 epd
ey

$(5)-)0g¢  ealEcB0dqedso[yS(vertical surface)eonsog oopd§aopd crosacga(air film)el Fap9dg
00§ 3s(thermal resistance) eeblgaon:aopdi Table A.5 © ©0duag) §a9p9 R 00§8:0005 R = 0.68 [§620251

A =80x 18= 1440 ft* AT =70—60 = 10°F

0F | ¢ 60 F
7 1 .
Q= R X A X AT (Equation 5.3)
>0
= 1/0.68 x 1440 x 10
Air film e \Wall = 21,200 BTU/hr

O §-6 poed(§)- ) 220305 S[038: (Sketch for Example 5.2)

§)-G- Conductance and Conductivity

Thermal resistance 25[g€ conductance $& conductivity o300p5 cogigPe ZagoRe(gpC:s
agn:8Cgbs(material's ability to transfer heat)od eudgaopd spdopmedome [g6o0pbn Thermal
conductance(C)aop5 saepogg| 3a99dg(material resistance)ei clgp&:{y$ (reciprocal) [gdaopdn

1
C =R (Equation 5.4)
Thermal conductance(C)on§8:03 BTU/hr-ft>-°F [9¢ eudgeco§oopdn Thermal conductance
20pd  aepogIPiel  2peaqPadoReds(ability of a material to transfer heat) [gdoopdi =ag

9588g8:e 0§07 €005 3:28¢>05(opposite meaning of resistance) (&5

qo550gEea8s croagn(air film adjacent to a surface)ell thermal conductance o3 “film
coefficient” vy esladecp§oopdn Thermal conductivity (k)2opd saspogg|(material) 0od§jEel codusd
320p0pE&aopd sapeagpodopsg(conductance per unit of thickness)gdaopSi Conductivity 03 eeBgoogd
opsd(unit)eo BTU/hr - ft2 - °F per inch of thickness [g80opSi 006sn§zac€: godslgedorn

0060008260038 :0GE 1°F oo[grigind320305 optelgpEiognzonpd sapoedan [gdaoSi
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k _ C = conductance (BTU/hr-ft?-°F)
¢= L (Equation 5.5) k = conductivity (BTU/hr-ft?-°F per in. of thickness
L = thickness of material, inch)
20 (@9)
Glass fiber insulation [§¢ [gepG0020005 (G)cwode3a00§ G8IE:(roof)si  thermal conductivity
008850005 k = 0.24 BTU/hr- ft>-°F per in. thickness [gdoopSi Insulation &1 thermal resistance o3

Pl
ey

Equation 5.5 ¢ conductance 20p5

_k_0.24_006 BTU
"L 4 " hr—ft?—°F
Equation 5.4 ¢ R 00£8:03 ogcﬁq?cq]i, . o

C=%=v05- $Tm—je 7

Thermal resistance & c0GomOePs(concept)od qEutign §20p5206o6ed5qS Goopdi
8820308 32680005358 F20086800050pdF8l Bodsoqepd d§§1 dpg&(new building standards
and codes)qps §oopdi 3200dgepd saepogp|(Material)qps 89:0d:0000 standard qpssé code g0
8055095 820600001 =p9da(thermal resistance)qpsoopd saepogp|(Material)qpsell 8a08:0nig(heat
transfer) es:00001 3209dq(thermal  resistance)spdso0pd  3aepogp|(Material)qpsel 32080 (heat
transfer)[g$o0p

2o (95)

(9)cocde REMEdIEAE(8 in. thick, three oval core concrete block (with sand and gravel
aggregate))zaog05  thermal resistance (R) $& (0)cooSeapoopd glass fiber (1 inch thick insulating
board made of glass fiber) o3¢ thermal resistance (R)o3 &E:0pdl

ey
Table A.4 ¢ R-value $8§:005:03 0050adl
(9)c00de REmedaneamnd(concrete block)3ao305 R-value 2005 1.11 [g8a0p5i (R = 1.11)
Insulating board 320305 R-value 2095 4.0 [gdo0pSi (R = 4.0)

(0)c00de REMEODEN05$E (0)cndecpoopd glass fiber ofei thermal resistance 20pd
Gooseo  opn[gesoopdi 0odcooSeqE§tiondaqC glass fiber i thermal resistance 20pd opSongd
36050005 (P, ))90(32 times) SeoEsapdi

§)-§ Overall Thermal Resistance

3268000520861 $§qpa(walls) 1 6aIE8s(roof) [038:08:(floor)sE oofgpsean element gzl [gbedl
20pd sagopse[gpCag(heat transfer)oomemn 60000000580 es00pd croagn(air film)od copbogod
20pd1 992005 eoagIwodeot 283 (solid material)qpo?  [godooiBiesn0d  Ffgigrdsnige
0063005 croa(air film)o? [go5o08:q0005

powd- §§oodeci thermal resistance 03 0R0Yq$30R05 600:0000050EQHHBORE §esa0pd
GeomOE :209dg(air film thermal resistance)o3dl copdaodq§ 83260005

2680005335038 F20digjoons00d  3aepgpi(elements)od  sadpmeen:  wopBoopd  =aep
o@IqPIE 22090365 [girpdaozeap§oopdn Overall (total) thermal resistance o3 0ob9qE:8ei thermal
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resistances o3 cdCsq] 633005038 [goos0Rd $eo0505:3203E: REBLR8E2R0N (The overall (total)

thermal resistance of the combination can be found very simply by adding the individual thermal
resistances as follows;)

Ry = Ry +R,; + R3 + etc... (Equation 5.6)
Ro = overall (total) thermal resistance
R 1, R2, R3 etc. = individual thermal resistance of each component, including air films

Overall resistance(Ro) 00§8:03 2B§[Gieg005 68300503¢ [oonsoopd equation 3 o3 a2ddqq
heat transfer [g8ed20p5 0erNO? 030508E051 powr(§-6)0zE eapa8Ead
Q= Ri X A X AT  (Equation 5.3)
0

20w (99)
‘.A( : 32680005333 (building)oodeei [gEosd(exterior wall)o? (©)coode
ap20pd 0R&mqH(8 in. sand and gravel aggregate concrete)gé
- A;'.‘:- . 6802050p600:00pd1  Bsoeodam:a0pd  aeadoSodk(not  oven

dried)[g¢ [gleoSoono0pS R-5 insulation & 1/2 in. gypsum board

= B¢ [groSoonzoopdi $&(wall)oopd 72 ft qobagpsG: 16 ft [gE
Inside —___ ,\ . Outside aopdi  pefinopts(indoor)sé 39080z S 0005 (outdoor
air film A \f'\ airfim  temperatures)oopd 70°F $& —10°F o3 [98a0pdi $§03 [godq)

Gypsum Guficrste opse[gpEaoga:a00d sapowdan(heat transfer through the wall) o3
board Insulation §P<3]“

¢ 96 Rowd(g-9)320305 s

0(9-6)38 403 section [godaon:0000(section through the wall)o? eedlgoonzaopdi 32099
(resistances)on§8sqpso table A.4 $E A.5 0303E €001 3203820005 (inside)sE 2:o[gEon0d ¢odsn|ge
(outside surfaces)o33 §es2005 air film @i thermal resistances o3 copdoz056edi

Overall thermal resistance(Ro) 00$3:qq$200305 00b9qiEsdel 309dg 0083s3m:d:i03 GOIC:
(adding the individual resistances)qep_Sn (see equation 5.6)n

Wall Item ($§0% 0opSea0n0daoaopdogodigp:) R-Value (R o0§8:)
Inside air film 0.68
Gypsum board 0.45
Insulation 5.0
Concrete (R = 0.08/in. x 8 in.) 0.64
Outside air film 0.17

Overall thermal resistance (Ro) = 6.94

$8e§oxsaogud(wall area)oopd (00§) J) 00pgS:802 [§6200N
A=72ftx16ft =1,152 ft?

20§ oolepeqiod (temperature difference)aopd AT = 70 — (-10) = 80°F
Equation 5.3 03 32034{gjg) overall resistance Ro 03 0305098820051 Heat transfer loss 205

1
Q= R X A X AT (Equation 5.3)
0
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1
Q = g, X 1152 x 80 = 13,280 BTU/hr

§)-6 Overall Heat Transfer Coefficient (U)

888 s0qpro0pd 3680005358038 §esaopd $¢ 68lE8s 0a0pd building structure qpso? [gode)
[g0e0lond sapdioniaqps(heat flows)od 0g05q05 eudlgaepdi ogpdiaadpqpod =aaddge) 0opbesor0d
coneomelopé $pb:eaedlk 0059105886050 $p5:000¢Jpo0pSi03000 dFR[gblggrSG: 0g05q0d
[39§ §E&qpa 3a330p5:qpion 0pdiqdiopdinigp: eagpaloonoopdi 0gpdinadRtaRgPs thermal
resistance  00§3sqp:03  cnodoneaNcd(catalogue)ogE  cudlgeosoopd Overall resistance oo$3sqps
overall conductance 02§8sqp: a30upad overall heat transfer coefficient(U) BTU/hr-ft?-°F qpso? codlg
002200051 Ro $& U 036l s0050300gj05(relationship)en -
_ 1
"Ry
Heat transfer equation o3 U 00§34q¢ cudgeogi€ -

U (Equation 5.7)

Q=U XA XAT (Equation 5.8)

Where Q = heat transfer rate (BTU/hr)
U = overall heat transfer coefficient (BTU/hr-ft>-°F)
A = surface area through which heat flows (ft?)
AT = temperature difference (°F)
6e00050006qp0gRdsqps(combinations of building components)sil Overall U-value gpsod Table

A6 1 A7 $& A8 030pC cudgoomsoopdi @uiad wSmSEy ©odgEIodeEER05 3050|603

633005038 eudjgoonzoopdi

(0) Table A.6 $& A.7 o3RE $qgps(walls) ealEs(roof) [03&:0Csqps(floors) sa0pE:$&qps(partitions)
$C  0dkgps(doors)3aoged U 0o&8sqps(U-values)od  codjgoonsoopdn  auomisdemnsod (0305
$620050000 o203 329380 368000538038 006e0E0m00d  ogpdigpisé g
30580005 @u20? 32034ggeRd!

(J)) Table A6 o3& section [§o5002220p5003 @wdgoonoopdi 26800055 0RE 0odeoEaonionpd
6e0005000eqp0gRds(building - component)qpsei - oopSeaonaboonsd(construction  assembly)qps
360303 6rpa0&aodi Table A.6 53¢ ceSgoonoopd assembly gpzaopd energy codes s2q)
:adigoote$ cofeagpoopd assembly qpigblogoopSi Table A6 ¢ energy codes $& 030580009
assembly gp:od 6g:qode] U 00§8:5C Ro 00§ 3sqpio? ©vodup§Eaopdi

(p) Table A.8 03¢ cudlgoonioopd U-value qpsoopd e&lgonEedod(glass windows) $& wSoddk(glass

doors)gqpzze0g05 [g620p81 U-value 3a5p5:c05 ognfgp:aopda’ a003[gidli Air film coefficient aopd
GeonCsepad(winter)og€ GrooBdgs: 0065°80qIE(0)8E58:(15 MPH wind in winter)sé cgepad
(summer)og€ 00850§q€ (Q.6)8E$8:(7.5 MPH wind in summer)saedlogl ac(gdoonsaopdn
nodeopéadeadd R-value gp:oopd 320d3gjoon:0pd outside air film coefficient saedlope
900000051 U-value ogodepogE window effect oBowpad door frame o3l cloCoopdi

U-value table o€ 880305c3000) 368000520861 0goSigp: ©d§ilon 320005038 0305[g320R5
505:30038: 0gRbiondegiBell 309dg0ooE3s(individual resistances)o? cAIEss] 0gaduagEaodi
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Gooo&ooogeg%

§.6.0 U-values and Energy Standards

:260dmn§8ELS [gop§ioonianp) §6:3aE$E005a88a00) opdiqbiopbinbis 6§§6098qp:
(State energy codes and standards)saq 22934gjepd @&s3aEowdan(amount of energy)od m§005
002300001 HVAC system gqpi3ncgod on§0005000500p) $00:000§jpen  3agpsadigllgood U o0éd:
(maximum allowable U-values)s¢ 928690 Ro 00§3:(minimum Ro value)o3 2005¢cdeuicondgts
[g020p5n Table 5-1 o€ §qE:0000 puwrNdY(GE energy code § A§oopd regulation 0od903 20gdly

002300201

Table 5-1 Energy conserving Ro and U-value

Component Min.Ro (ft?>-hr-°F/BTU) Max U (BTU/hr-ft>-°F)
Wall 18 0.06
Roof 20 0.05
Glass 1.7 0.60

Table 5-1 o€ A§o0pd 00§:qpzo0pd Gaontiepad(cold winter climate) Degree Day (DD)
00§32 4000-6000 c00S Sqpzaop) [GobsuSsa, (some states)zaoz05 [gba05N

“Degree day” &300p0en heating season [gdedlesa0pd oS00} cudgoodonsd: (a
number that reflects the length and severity of a heating season) 0o®g[gdoopSn Degree day 0o§3:
table A.9 03¢ edjgoonoopdi cL5eR, 030505gep: [grpdaopdsad] 8&EsogPioopd 2005e38ep code
qps standard gpzo3 80550 aedged[32005

poe(§6) powd(§-Q)sE powd(g-0) cfopt equation 5.8 03 ©pdSnRY 3203ggERSA} eedy
con:00001 Building component gpzo? [godq) [g8edlopd heat transfer 03 coSq§ca3=e60005 U-value
table qpz [g6205n
pown (§-6)

pow (§-0)0gC cud[gd[Beoopd ¢ (wall) 220305 table A.7 03 320%3(gjg) U-value gpdi pown (g)-
§)03E 0305¢jqa0pd 0§8sgpesE 8:0rdCh Equations 5.6 $C 5.7 03 adig] 0g05Cl
ey
Table A.7 ¢ U 02§83z 0053l (U = 0.14)1 powd (§-6)e Ro 008350005 6.94 [3620p5i (Ro = 6.94)
Equation 5.7 03 o3:q] cgodayé

v=2-_L _ 014

R, 694
3269559 oppBlogoopdi(results agree)
200 (g)
32680005208 (building) 00695 120 ft god[d: 40 ft o352005 6alE8gns(flat roofo3 (9)cvoSeanoood
pSongdeacilons(8 in. lightweight aggregate concrete) [§& 0opSeemodd: qod§0[0305 ondsotoon:
20pbi 320383208 (inside temperature)aopd 65°F [98[G: [gE0sa0§$(outdoor temperature)aopS 5°F
[§600051 681E3:03 [905q) [§Bedlamed sapedigea(heat transfer loss)oB gpd saelq - table A7 ¢ U =
0.09 BTU/hr-ft>-°F. Equation 5.8 o3 320%3{gjg] -

Q=U XA XAT (Equation 5.8)

Q =0.09 X 4800 ft2 x 60°F

hr — ft> — °F
= 25,900 BTU/hr
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pow (§-0)
HOond336§ 36es:édeN(wall of the bedroom of a house) 83gi0530005¢PI> 6320050
3203E: (920051
$§(wall) : $8030060004{g€ [gpSoons(wood siding)aopSi 12 ft x 8 ft aqdaopdi R-7 value
§oopd  (J)coodesaanarosgls(wood  sheathing (2 in. of insulation))o?
2038:0055(inside finish) copboozoopdi

[gon€sedlod(Window) : 3 ft x 4 ft 6 in. 0310520001 e§(0)aga(single glass) saaq)B8udeomE(aluminum
frame)[g [giop&aonzo0pdn

3208:320q$ (room temperature)aopd 68°F [96[G: [gE0sap§$(outdoor temperature)oopd 2°F

[g6 2005 $§(wall)sE [gooEiedod(window)o303 [gode) [Bedlepd sapadssq(heat transfer loss)o3 epdli

ey

0(9-Qop¢ s§(wall)od [godq [gdedlepd heat transfer loss o3 codBe [gdo0pdn $6eal§
;codofeepod§Earpdesepypi(opaque part of the wall)sé [gooCsedad(window)oB [godq]  heat
transfer [g&edloop

U-value gpzs& e§ooden table A7 $& A.8 030

o Window U = 1.10 BTU/hr-ft-°F
/ A=3x45=135ft

N N Wall U = 0.09 BTU/hr-ft>-°F
: p -8 \Qwa" Wall Gross A = 12 x 8 = 96 ft?
% Wall Net A =96 — 13.5 = 82.5 ft2

$ §-q Powd(§-0) 320305 H[o3Gs(sketch)
$q(wall) & heat transfer & [gooEsadloS(window)ei heat transfer 03 ogoSuae] eAE:ogE $§
(wall) 03 (9054 [gbe0laona00b heat transfer oeaan qaopdi

Qwan = 0.09 X 825X 66 = 490 BTU/hr
[gon€iadnd(window)o3 [gode) [gbeclaonaopd heat transfer owdan
Qwindow = 11.0 X 13.5 X 66 =980 BTU/hr

Qrotal = Qwau + Qwindow = 1470 BTU/hI‘

$85¢ [gooE:6d050303 [3054) [gdedlamnangd heat transfer oedcarnoopd 1470 BTU/hr [g620p5

g.@. J Heat Transfer Losses: Basement Walls and Floors

$¢(basement walls) $& [038:08:qpz(floors)e [g6edloopd sapedigsaqps(heat losses)od oodqé
Equation 5.8 o} 2000dg$€a0pdi clgesmadoodméels(basement floor below grade)sé §ei
oogjesep 93ewpod s§oodecds(part or all of the wall is underground)aopd elgesnabodopt

deseonaelopé Bgglod B cpodgede§ ©053qbeags(complicates the use of the equation)
c86opdu
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Basement &l 90,6000 G5epqpsoRd clglgEeizacondopt(above ground)gdoyE table A.6
a300pob table A.7 03¢ U-value qpso? saadigi§Eoopdi

0§:0p8:(inside) $E[gELBRE:=0qS (outside design air temperatures)odel S20S[gr:5029/05
(temperatures difference)od 0g050p8Ea0pbi [m36:eCa s§eiong],esep(part of the structure) elgodopé
oopb§(below  grade)esogé equation 5.8 03¢ 3203qgjoopdeedl U-value $& sopd§epasngiod
(temperatures difference) o3gp:c880pdbi 30005elopEadeo05 :E:felgel sa0edg(effect of the
surrounding ground on the thermal resistance)$¢ sa08:08:gc0dialoxpEs(heat flow path) odelopé
[g2005

Table 5.2 0p8 clgesmad§sdgps(basement walls)sé 6lges:05§ [036:08:qps(floors)sacgnd
recommended U-value gp:o3 eodlgoonsoopdi 3a0q$[gosgoiqod(temperatures  difference)o? gpe$
030> 6[geznod§éd(below grade wall) Boopcd elgesmnod§oydiols(below grade floor)saogad
caontiepad [§CoBAC:ea0§§ (outside winter design temperature)o’ elgesmnod sp§$(deep ground
temperature value)=a[gd 000001

Table 5-2 overall heat transfer coefficient u for basement walls and floors, below grade BTU/hr-ft>-°F

Component Overall heat transfer coefficient (U)
Wall, uninsulated 0.16
Wall, R-4 insulation 0.08
Floor 0.04

wodgS(note) - 0o§B:qpe(values)oopd (Q)eom0da0pd 6lgesncdood(7 ft high below grade
basement)320305 [g620pd1 e3a:00p06300(cold climate)qps3a0305 uninsulated wall o3 22%dgq$
0ol $600690d:03 insulation cpSaos(insulation is full depth of wall)oz0005

po(§-R)0RE elgeznadood(below grade basement)e [gdedloopd sapediqza(heat losses)
0™ 030509003 Gwd[goonzopdi
2o (g0)

e[geznadad sosesess(recreation room of a basement)el [036:08: e§oon(floor area)oopd
220 ft? [gdoopSi 6lgesn0d§ insulate coSooz00pd $¢(insulated wall below ground) e§oxoopd 400 ft?
[§6 2005 209§:300§S (room temperature)oopd 70°F [96[8: e[gsa¢§§(ground temperature)oop 50°F
[§6 2005 m008:0 032§ 9302005 Fgowdan(heat loss)od gpdl
mefy

Table 5.2 ¢ recommended U-value qp:03 s20d:gj§] 0305090005
Qrioor= 0.04 x 220 x 20 = 180 BTU/hr

Qwan= 0.08 x 400 x 20 = 640 BTU/hr
Qrotat = Qrioor + Qwau = 820 BTU/hr

Basement wall &1 o esepyp:aopd clgedogtesepd(above ground) [g8Bs o005 44
(basement wall)oop5 elg03:ad03E §esoopdn cofengPaopd U o083 e§ox(A) $& TD value o
;adge elgedogéesaopbsadi(above ground)sé  elgesmnSoptesoopdsadEs(below  ground)
56§81 heat transfer loss qp:o? oBsfgps(separate)3q] o3050pq0pdn Heat loss $6§03 03054
GAIE{gCE $200305 200edg cOIC:(wall total heat loss)od §§Ea00i
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9.@.9 Basement Inside Temperature

elgesmnod(basement) §eoodiqpiogo’ [§88E05 Faegzacsqp:(possible conditions)

(0) 320005¢] terminal unit gp:od 320%4ie) 3spc0000:00p5 basement [gdogE
clgeamnodmediel 8&C:30qS(basement inside design temperature)o? saaddgs] basement
heat loss gp:o3 ogodurqepdn Basement o3 soonfgp: onq) 3208:3 codagiE(separate
calculation) csep(329§:) 0009C:B03 9B:00§ 0g0d0ReERdI

() 329en0bee0:000:0085 Glgeaanndesi(unheated basement)fgbogé
Unheated basement (with no heat sources)si 220§§20p5 design inside temperature $C
design outside temperature 03 $6932[0yps03C [g620p0n o3 basement §jg 350305 heat loss
calculation cp6g$ o326l

(p) Heat source equipment qpi{g¢ sapcusooniaopd basement [gbagE
Furnace and ducts 936005 boiler and piping ©20p5030005 basement 22038:5 00p5§ayE
6220050 guideline gp:0? 80550200005
(o) Heat source §oopbesep(area)qps a300pod hot duct gp: 9Bewrcd eqpdodyp: [god
ag0:000) GeePyPicl 29§:30038: 30§05 (inside temperature) 336e0005958 320385

oySesepgpi(rest of the building)el 320§$5C oppBoopdup wasog  =aped:geq(heat
transfer 10ss)03 03050l

(9) oofepseom mcpE:éd(partition)g omdoonieomn edurngps(areas)o?d unheated basement

2[gd  2005005qepdI  3cocdoperd[goonod  0od(j)(as in item 2) 3203&:
2005005

32600905( )$¢ (pm)o3oRE [38dgle eapedigeq(heat loss from the floor) [gdedl§Eo0pdn

Boano? seesi(room)el heat loss 03¢ copdedCgaopdi sa000de] basement 320305 o3og0pd

mefgmesgp:od 0B8EE(If the specific basement conditions are not known) unheated basement

2[g62005005¢] 320§ (temperature) 50°F vpupeog) 03050 50°F 0005 3862005 220§§03 coaddgs

o[g08Ea sanudelopEadens’ dodma0p8:0 eqypidagri§Eaomalope [g6oopdn (A temperature below

this should not be permitted anyway, because of the possibility of freezing water in piping.)

§)-Q Heat Transfer Losses: Floor on Ground and Floor Over Crawl Space
elgedlop§anegdlogéels(concrete floor slab ongrade)od [godq) crawl space ezaodajogp: o33

[g0e0lopd heat transfer o3 agoSe2025i

§)-Q-0 Floor Over Crawl Space

[0364gCell 20005038 oasag:8Ea00d esep(crawl space) g§consecp§oopdn adesep(craw
space)aopd 220en0560sqEpd epa8yps(heating season)op ceSeaeg.qpielopé 6qaddgte omaged
§§320305 vent coboon:aopdi Crawl space 20038:§ ecuzp§S(air temperature)aopS [gEosapd$
(outside air design temperature)s& 0pp8a00n [38:08:03 [gode) B:oEamwpd sapoedn(heat loss)od
Equation 5.8 03 320%3{gg) 0050p§E2005

6a220p) 3606320038 opdeenchoood  SaeecdmTHgPel  [36:eE:03  insulate
0962082081 United State energy codes 3q overall R-20 value §oopd ogpSsqp:od 3203gqepdi
Crawl space o3 Groegsgps(warm air) 2005es0oEepd heating ductwork 32[gd 30d3{gjeqIE heat loss

5-15



Cooling Load Calculation Ver-15 Flepaleiecioptont

calculation 0g05epoge 3¢) ©053q5eag:o0obn ASHRAE Handbook o8wwpdS local energy code gp:od
O%SO'YJZ%&COéII
§.Q.  Floor Slab on Grade
e[g8a0bopt §eso0pd [03d:al{gbagiE(floor is on the ground) selgConodgfiesep(outside

edges (perimeter))o€ [g8edloopd heat loss 3a09Sqp:c86epdi 32680005358005005c0p5  agRd
(length of these edges)s& o305§odsagjsoyo0pdi O(g-0)ogE [36:etie§omn(area of the floor)$é
vooodadCeon adefopE equation 5.8 o3 3203qq heat transfer o3 ogodupq) oq¥teun 63305d
23q[gE:(equation)od a0ddgis] ogodupo0RdI

Q=E X L x AT (Equation 5.9)
where

Q = heat transfer loss through floor on grade (BTU/hr)

E = edge heat loss coefficient (BTU/hr-°F per ft of edge length)

L = total length of outside (exposed) edges of floor (ft)

AT = design temperature difference between inside and outside air (°F)

Table 5-3 03¢ E 00§3:35§:§js03 cwd[goonzaopdi $&oopdSeaonndd(wall constructions) saqjs
03320305 aagfidloopdlgbeor eilaopdlgbeo(with and without edge) insulation $&qjgocd:od esdg

00300001 Energy codes 32q) insulation odlefgd 0o6s0Eqepdi

-<— Wall

Floor slab

0 / Y

\ Edge insulation
Foundation wall
¢ §-© Heat loss through floor of building without basement.
(Actual insulation arrangement may differ.)
Table 5-3 Edge heat loss coefficient, E, for-floor slab on grade (BTU/hr-°F per ft of edge)

. Edge Degree Days
Wall Construction .
Insulation 3000 5400 7400
None 0.62 0.68 0.72
8 in. block with face brick
R-5 0.48 0.5 0.56
. ) . None 0.8 0.84 0.93
4 in. block with face brick
R-5 0.47 0.49 0.54
None 1.15 1.2 1.34
Metal stud with stucco
R-5 0.51 0.53 0.58
None 1.84 2.12 2.73
Poured concrete, heated floor
R-5 0.64 0.72 0.9

Adapted from ASHRAE 1997 Handbook-Fundamentals.
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pow(§-00)

om:dedlE(garage)ondooopd 60 ft x 30 ft oqde) op&medla&iats(concrete floor slab)lgé
00p56e005002200p51 clgedl§ spe§iop8imnd§ad 65°F og€ cB§:coni(on grade is maintained)q$
cBo0pdi [gComa0g&(outdoor air temperature)oopd 4°F [gdoopSn Degree days 20pS 5400 [gda0p0i
Floor edge 20p5 R-5 insulation [gdoopdi $&gps(walls)o? (©)coode aneaonadodsgps(8 in. block with
face brick)[g¢ [giap&oonzaopdi [1365gE (floor)od [gode) [gbedlepd saped:geq(heat loss)aB qpdl

20efg- AT 1 E $ L 0303 0o0eded: gpegdh
AT = 65 — 4 = 61°F
Table 5-3 ¢ E = 0.50 for 5400 degree days
Edge length L= 2(60 + 20) = 160 ft

Using Equation 5.9,

Q=E x L x TD

= 0.50 x 160 x 61 = 4880 BTU/hr

[36:0E:0§0 325p5:c05000800pd a68000538¢p:(buildings with small floor slab areas)

203051 Edge loss method (Equation 5.9)03 32034{gjg$ o3050p8:c3a005

[36:08:880 gpign§oopd seescr0dmadgpa(buildings with large floor slab areas)og edge
loss method 20p5 =o[gEonaded: soessqp:(perimeter rooms) 320305000 F20dgo0Eo0pdI 203E:3E:
esepqpa(interior areas)scgod basement el U o0§3:5C AT value o3$& c3eoSe) equation 5.8 o3
F20degj0o&aodi
§)-© Infiltration and Ventilation Heat Loss

326800053588 qpa 3o3:qP0 30e0dGP: §d:§EogrSEaoad [§Eoe ervesaz(cold out door air)
oCeepad[gtialopCoopds Fa0e0dgp: ed:geogneEaocdi GaonliepaBoge infiltration & ventilation
ABefopé [gEoe eroemzaigp: 32680005358 3203803 0Eeepad8Eagdi

Infiltration a32000¢n [gEumapds $665§50pC 3p60005983209E:38 [gEoe croesmsgp:
03880eepadlgls [gBaopdi Ventilation &32000¢n  3268000595832038:08  GrocoMEierL0S
([g€osr0)oopdeudgés [gdoopdn [gCompds [§Ees§Sore [gEue eropgpimaadizncyliad 86085t
[g®edo0pd

aBecogpieloé edsgeognsoopdeagowdan(amounts of heat)o? infiltration heating load $&
ventilation heating load oy esloopS

§-6.0 Sensible Heat Loss Effect of Infiltration Air
32680005208§ 3a60loSgps(building openings)e 3203898 [gEosco(outdoor air)qps oeepad
[§C:clopE infiltration [g6edloopdn o3odecoei8sms(wind  pressure)alogpé  sacdlodgp(openings)e
eooeaagp: 08eepad[gls [§daopdi odskedlodi [qontiedlabeonsd sacdelopCigpa wd,65000) Gsepyp:
(cracks around window sashes) o3skg&s(door edges) o3dkgCesaopd csepyps(open doors) ©20p503
¢ infiltration [g8edlg) crogp: oEegpodanngEaocdi
6a0nCiepaBogE 308t 30wH0d 32680005358 3303C:03 0€eepodaedd Groz§S(entering
air temperature)oopd 329§:3038: GrSE{S(room air temperature)oocd 88620001 Becoee:
qpselopE 90:gpogns00pd 320qPI3e0R05 3206005 doopdeuigs cdaabo0pS
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Infiltrating air alo3p¢ [g8edloopd sensible heat loss vedMoB 6320050 G055 0godun
§E2005n Sensible heat equation o3 2a03qjd) 03050p8E200N

Q;,=m Xc XAT

Where Q, = heat required to warm cold outdoor air to room temperature (BTU/hr)
m = weight flow rate of outdoor air infiltration (Ib/hr)
¢ = specific heat of air (BTU/Ib -°F)
AT = temperature change between indoor and out-door air (°F)

3200050l084[gC:(equation)opE eudlgoonsoogd Ib/hr ceoaopd saeco:§§Bigsi(mass flow rate
of air (m)) [g620pdn 986005 HVAC codess gpiopl ecudsgss(air flow rate)od CFM [gGoon 03E:0m
eedlgecy§oopdn upsdalgpsq) sensible heat equation o3 cedgagé
Q,=1.1 X CFM x AT (5.10)
Where Qs= sensible heat loss from infiltration or ventilation air (BTU/hr)
CFM = air infiltration (or ventilation) flow rate (ft3/min)
AT= temperature change between indoor and outdoor air (°F)

§)-9. J Latent Heat Loss Effect of Infiltration Air
eaonszadl [gEogolespodamanpdeco(infiltration air)el 8adE:e00005 sa0sizaczE:fecu(room
air)el 803E:000005 J5pd:eomeloPps :005:32098:§ ccuddEieo(room air humidity)aopd cooded
§Eo0pbzas0C(unacceptable level)3aod oqeoliazn:8Eo0odi 3083098 ccuei®odEseo(room  air
humidity)o? cB§:000:8Eq8350305 =0§:30038:§ ecoada] cefeqeg, (water vapor)gp: copdeoq
832600001 B33 eqieqeg qp: copdeodglielopt [goedlamepd 3a0ed:geend “latent heat of
vaporization of water” o5 esla0pbi 6320050 P84gEs(equation)gé eudg§Eaopdi
Q,=0.68 x CFM x (W, - W) (Equation 5.11)

Where 1= latent heat required for infiltration or ventilation air (BTU/hr)

CFM = air infiltration or ventilation rate (ft3/min)

W, = higher (indoor) humidity ratio in grains water/Ib dry air (gr w/lb d.a.)

W{= lower (outdoor) humidity ratio in grains water/Ib dry air (gr w/lb d.a.)

Equation 5.10 $& 5.11 o000 sr9§:ad§eco(room air)el sensible $& latent heat loss 0303
0R05q§m0305 32034(gjoopdn Infiltration air ¢l sensible heat loss 03 ofgbecs 0058 B=600
;nddq) infiltration elopé 209§:00§ croBadE:so(room air humidity)oopd c00598§8a00) =as0&

[§6cq€ latent heat loss 6B aqdagg$Ea0p5n copdozades ecdzadeor
Equation 5.11 o3& copbogadqepd humidity ratios (W)o3 psychometric chart ¢ ©05098E2000

§).©.9 Infiltration Rate ogo5spb:
Infiltration air &1 S:5$:(CFM)03 crack method og05$00:(methods)sE air change method

0305s5:(methods)ore) $25:( ))djlgS 03058005
“Crack Method” 0gobg5:
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“Crack Method” 030500550005 3a05eopCigps 10,6$2000 Gsepypsel g0 ABE:upg)
86088 (rate of air infiltration per foot of crack opening)s&algpodom cro(airoeanad 00502005
$054gdoopdi Energy codes og€ maximum permissible infiltration rate qpo3 900500560:002:00001
Table 5-4 03¢ 22680005353 20008(new construction) a3wup0d renovation upgrading 03330305 typical
allowable infiltration rate qpso? Gudlgeosoo0pdi 6rocdodssondsdayé (Jg)8E(25 MPH wind)o3
:26[gde) 030500220009 0083sqp2 [§620051 [gEoagE roo3ndgss qpiagi€ infiltration rate Sgpsad&ed

Table 5-4 typical allowable design air infiltration rates through exterior windows and doors

Component Infiltration Rate
Windows 0.37 CFM per ft of sash crack
Residential doors 0.5 CFM per ft? of door area
Nonresidential doors 1.00 CFM per ft? of door area
Component Infiltration Rate

Note: This table is adapted from various state energy standards.

;odelopmaqpd(crack lengths)sé efoon(areas)od ogodqs ofewnod o3E:qs 83260000
2g0dZ0005gP:03 Bopamdgps(architectural plans) a3eopod coodeogadEomg(field measurement)
qP2e $E20051 pow(g)-00)0z¢ crack method c30555:03 Sa0digjc0n:005N
pow (§-00)

3268000528006 [4oolsedodo}  e30edCepgsiaatogsoogss(local infiltration energy
standards)$¢ 030586308 006s08qi [gfgEes c3=62005N [gooiedlodgps(windows)oopd 3 ft (W) x
4 ft (H) [96[8: double hung type [g6o0pdn m20§:03E:5¢ [gEo 8&E:map§&(indoor $& outdoor design
temperatures) 030005 70°F $& 10°F [9da0pbn Infiltration alo3pé [gdedloopd sensible heat loss o3

el

=alg

(o) Table 5.4 ¢ 2005ecde0002:00pd gE[gjoon00pd (allowed) infiltration rate 20p5 sa0Selo3pé:s (0)e0
g€ 0.37 CFM £8:(0.37 CFM per ft of sash crack) (&0

() Total crack length L = 3(3) + 2(4) = 17 ft. (Note the allowance for the crack at the middle rail of
a double-hung window)i &(§¢)og€ [goat:edlah? eqesl eudlgaonzagd

() [goo€sedlode 8goEamoopd s8:(total infiltration rate for the window)2op5 6.3 CFM [gdoopS

CFM = 0.37 CFM/ft x 17 ft = 6.3 CFM

() Equation 5.10 03 3203qq] infiltration alo3p¢ [gded00pd sensible heat loss ¢o
Qs = 1.1 x CFM x AT
=1.1x 6.3 x (70 — 10) = 415 BTU/hr

3 W Crack clop&lgdeclaogd infiltration o3:0kgn olgbedlcoqs a60d
32602:607E:0000 006s08gqps(quality of installation) $& [gooEsedlodgp:
(windows)  o3Skgps(doors)od eomagn [gfgEad§:036sqqps  [gopboonig
4o H - eqEoFoopdn [gootiedlodgqpio? eoogpgy wondsooosgEs(poorly fitted
windows) efo3p¢ [gbedloogd infiltration 0005 de§c00d (g)so(five times)of,
3qp=§Ea0pdn Sash leakage qpso? table 5-4 038 aedlgoozoopd

¢ §-B Po(§-00)300305 G036
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320530069038 $§s00005009:0005 [gEusE dBeoy esag(room with two adjacent exposed
walls) coooCass(corner room)uy 200590500051 0884 (J)op0500d:0RE [gontsedlndyp: oddkgps(door
or window openings on both sides) §esc860pdi

oddkgps  [gooCsedladgpioopd  §§()onodocdapl  §eseoodcopd:  GoonCes(“Corner
Room”) gpsei infiltration rate o3 o0godo0pd98l  00EDHROB($§)00>  C0PSERESeERdI
:00deopEadenrd opdaopd sgSoplesd(at any given time) 6oo0Rd 8§§EdHDA5G3
Bio0pSq)  oBodecdeseamelops [gdoopdn  eroodndesoopboubielops:  e[gpCid8Eeaddaopds

infiltration effect doqps§EAl

Infiltration 2005 [g€0] cBobechesa0pd cruodadssieilog wooboopdi AdsalgE 32080005
§op e5epogteopds ©oopdaopdi 3a08:0befiE  esccdmBgEosé dBobdesaopd $§oodocd
a3o0pdd  $60005[g68E0pSN Goontedigny $89005§8C0pdN GRS Fesie000Ead Bioopdq)
o30d0qE(wind comes obliquely) $§ood9qC:Bal projected crack length caqpspSsognieomalopé $4
0060BBan  6rd0d5a0pd  20eo§gboodi  codeSindieoged  [Flogodagi€ overall  effect
0p8c866pdi ABelopé 60 ©pdaopdonodmn dBadoopdigbee infiltration elopE [gbedloopd heat
loss cogn[gpseo

$Qqps [gooCiedlodgp:  §esoopdeacdelopta  [ogpicgodesepl 12,65000  GsepPqP:aoRd
32qudm00: G908 Eeomaelops sagp:addgb8Eaoopd scqudad meefgde) 0g0da0goodn oodes:
&1 $§odendqE:Bade infiltration 03 c303¢) eAIEss) 2a68000532800d9d:(total building infiltration
rate) 320305 0305038820001 oddkqpsgE[gEs(door usage)eloypEops infiltration [B8Eo005

003:s3E (department stores) Ggofs 000pd esepqp:or 3208330905¢p:(frequent door usage)
comalop¢ infiltration o copdogts 0g0dgIE5qeRdl vcoedigd oddlgEsss(rate of door usage, number
of people per minute)o3 00500c5qeRdi Sopom(architect) a3wopcd 3EqE(owner)ade infiltration

R0 0Ford qup§Eoopdi qbqisSs(average infiltration rates for frequent door usage)qpso? table
5-5 03¢ awdlgoonzoopdi

Table 5-5 infiltration rates for frequent door usage

058k 32335002 (Door Type) 0256030305 GrocacoRd (ft* per Person)
Swinging door, no vestibule 900
Swinging door, vestibule 550
Revolving door 60

2[goods gCesaopd oddkgps(gEaoniwpdodalyps) sacdlodyps eomEs §8Ea0p0N adodslyp:
0305 infiltration rate o3 copdogodeepdi Infiltration rate caqpspdicoqs crocdadom(air curtains)
qPo? 3203g[e300p5n odskedabmeedle erogpin? :2§$[gEgEs(vertical warm air barrier across the

opening)[g¢ coodagodeseamalopé infiltration rate caqpspSsog:00001

0geo0scodaopd 3a60lodqp:dlfaopdéd(porous wall)gpelogpEaopbs air infiltration [gdedl
§E20051 300056] $qpa(walls) cdlodygps §esdlon significant porosity 1 sealant coatings o3ewpod
oofgp:805adspS:qpe(other coverings)od 32034gjg) 0720305882051

32000[gE000d  306800053a35qpipE  odelopCigpielopE omem thermal stack  effect
elogpEopds infiltration [gd[gE:0? 3ed:gpicoo0odi 32680005203532038:3 egiBs 22[GES eamesaqC
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thermal stack effect [gdedlaopdi egies00d GrogP:aopd 22680005353532603E:03 capadagadSs
:edodgps 3056[opligpie 0060¢ (] ogodagnaopdi dBagodogaoopd srogpizen: [gEuw
622:65009 GeogP:a0Rd 32883C:esep§ 20deoPEigpie 00de0 oleepodamoopdi Thermal stack
effect sa6[opEi0? 20600805 F2g053C05gP:qs ASHRAE Handbook gp:od [go: §Eo0pdn Stack
effect 3a6{o3pE:03 ACMV volume one, Chapter-7 3gj05§0 7-4 53¢ 32600:805 ©05g8E00I

Infiltration [gB[g€: caqpqe$ (reducing) 830305

(0) 3a680005zBcumEigps(existing buildings)ogé epadporaahomogudeuiwpd cdodamgps(weather
stripping) 0068089 GomEm&§ Fa0copEaqpe sill plates 1 wall penetration gpasC oofeps
m26dlodgps(other openings)o? 8o5ed[gEs(sealing of cracks around frames) [giop&8EaopS

() “Air Change Method” infiltration rate 005 infiltration [gdedloopd saes:el number of air changes
per hour (ACH) ssedlogl saafgde) ogod[gc{gdaopdi One air change ao0pSwn oodsndencyt:
32082000005 (room air volume)$& p3¢j00pd erovwandseotieofgls circulate cpdeoiges (&b

ACH o808:0000320006 (expected number of air changes)oopd sacogsaod(experience)st
062000105 (testing)qps 3260l0RE ©oopbapdI GruERqBid0Rd 36e0053aBgpizacged 0.5 ACH
[g620p5n Groend0Rd 2a6e000b3ade0R05 1.5 ACH [g620p51(0.5 ACH to 1.5 ACH for buildings
ranging from "tight" to "loose" construction)i a3efopé cruseq&:da0pd 26e000538[gdagE 0.5 ACH
§8498 030500051 Groend0d 680005280y vpsOgE 1.5 ACH §843E ogodoopd
Air change sp5:326) equation 5.12 o3 saaddqq air infiltration rate (CFM)o3 ep§Eaopdi

CFM = ACH x % (5.12)
Where CFM = air infiltration rate to room (CFM)

ACH = number of air changes per hour for room

V = room volume (ft3)

ACH 228¢o05(meaning)$& o305505:3203¢g|0(use of the air change method)o? poed(g-o, )
o€ ewdlgoonzaodi
Roe2 (9-0)

F00063380 :0S:00608:eN 2003E:320000005 20 ft x 10 ft x 8 ft high [gda0pS Infiltration
rate 20p5 0.7 air changes per hour [g800051 ACH §p5:03 sa0ddgq) infiltration rate o3 CFM (g€ gpdh
¢

g

208§30000p5(room volume) o3 005§
Volume = 20 x 10 x 8 = 1600 ft3

Equation 5.12 ¢
CFM = ACH X V—07X 1600—187CFM
- 60 60
a3z08:a infiltration rate 205 18.7 CFM [go0p5u

§-0.G Crack Method versus Air Change Method

opSoophmofgmes  wpdaophepbodigt  wpdoophephiod  mapigqupdor  Boyoonh
2005005gi05gp: ©§e00500pd: 6IM3AlZagSgP3 36[gde) 9ddgodaoaopd
(o) Air change method ogc555:

cudopoyegtapesadd 2aceonnd3ad(residential construction)gpseaoga’ air change method
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o3 =padgopdl cpesaddl Feesonodemaf(residential construction)qps3acged heating  load

0§08:epaat 03l03p5805g/q0pd e30MgP: GSEC crack method o3copbs s0dig8Ea00

() Crack method ogodgpbs
CPGSI6GD53 ©uPodPY Bcd§(non residential construction)qpssogad crack method o3

adgoopdi [gondiedlod  apodapbopgps(window  manufacturers)ode  d[03008055jq2005
ezomgps(reliable data) q§8Eageosdoopdicomnt: b0y [gfgads:a86sg saepbencogs
eomiesmt od8:q6(quality control of installation and maintenance)§Eag€aopbieomEs crack
method 20p0  spooenyPedigdaopdi  oBogopd  qrodqp: g8l FeeEo0HER]
eonsqpz(older buildings)secgo eroudBooopdsss(leakage rates)od 0058 00552005
:200deopé 886005 [qootsedlodypiel saclgeecsod sa03ma0y) 0a38EeomalopE [gdoopd

§).¢ Ventilation (Outside Air) Load

ecomepdmacags(indoor  air  quality)o}  aB8:00mqee005 3368000588 gpizacpEiad
mechanical ventilation equipment o8ewy05 air handling unit gpiwoodeoé [gEoeco(outside air)
copdeozq$ 832600051 Outside ventilation air copdeoggselogp building heating load  Sgpieoo0pdi
o8cmoopd(entering  airjecosl :0pgEsE  BBEe000p5  [gEuecumaES(outdoor  temperature)s&
3adE:e0(humidity)o3sE orp8o0pdi

Ventilation efop¢ [gdedlopd heating load 03058320305 equations 5.10 $& 5.11 ofod
aadigoopdn Ventilation air o soefimacpliad wcopdeoel air conditioning equipment gpigé
;ocofgtist eqfeqeg(humidity) copdeouigto? [gapdoopdn Ventilation heating load 2095 total
building heating load &1 006850066300 [gd20pdI 20Eenypaopd [gEoeco(outside ventilation air)
0 0RospSIgPI0R 32053(0)0gE GwdgoonzoRdi

[03eem:000) 3680005208 ¢p:0pE 0068080020005 mechanical ventilation system ¢ fan qpigé
32680005283038:5  crodamiznspdicoSgE(positive air  pressure)es:E  8&E:0de] eentieny
§oopdn Belopé infiltration [g8[gE:0d 00305800051 32680005858 (building)o ecocdesE[GIRoy
Baomaagpbicdd [gEonodesnt [gopdoomiagE(relatively tight and pressurized) o8ewrdd [gbesand
[gepSoodgEselopE infiltration load copSogabes ocdsabeon Outside air ventilation load o300

00p50R0568 33260005
2680005283008 33:30500sc00[gE0005eINE  [grodoopdansl  sacgssaojegdesnt
20030022008 20051 0832600050005 Jgpsdlan 03k gCq§ 90530886di

o0g],6o00 non-residential building gp:ogE ¢Cq) 30dq ©qf§€a0pd [gooCiedlad(fixed
windows no openable part)qps 0d6s0Eaonenpdoopdn odlgontiediodaacaogps 320305 crack
infiltration o3 copdo305q$ ecdaabeon Exterior door gp: 320305005 030dqEpdI

opesadEypsel air distributing system o€ fan [g¢ ecod [gScopdeaadiys] copSudd[gts
(recirculation) [gjcp620p51 oBeopE ventilation load c3o3q§ ocdsadeon Infiltration [g6[gEselompé
eoeomEieroond(fresh air)gqp: 2098:3203E:08 oEeqpadanaogd

690580pes3068000538 (residences)qpiogf  eoond(tight)eamelopé infiltration  [gdedlq
$25:00p0328] Groeadenodfgis(inadequate natural infiltration) [g88E2005n [gEoero wadera52005
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8l avpodsac(ojs(indoor air pollutant)qpsefopE  eqgpEdopt ofieneepaddod(long term  health

problems) §E20051 adefopE [gEoerocopd cuq§(outside ventilation) 822620001 pows(g-0p)oge
ventilation load 0305505:03 cwdlgoonza0di

Row (9-99)

[gon€iedodgpiad  crocdesmnd(giroboomongd saeemnndaad(building with sealed windows)
0069320385 20§03 72°F g€ 8000500051 [gE0320§8 (outdoor temperature)aoS -5°F [gdoopdn
Mechanical ventilation system ¢ [gCoeco(outside air) 5000 CFM copbeusoopdn Ventilation eloypé
[g8ecla0p sensible heating oeoanad gpal

ey
:0$:3038:  §adC:eo(inside humidity conditions) c3326g0503  200dwodeconeoMeloPE
sensible heat 03000 03058 c8o0pdi Ventilation air &1 equation 5.10 o3 32034gjg) 03052000

Qs = 1.1 x CFM x AT
= 1.1 x 5000 x 77 = 423,500 BTU/hr

§)-00 Design Conditions

Heating and cooling load 03056$320305 320%4go0pd 3208:32038:(indoor)320§S1 8ad:e05E
[g€omp§& (outdoor air temperature)  §ad&:so(humidity)ofo3 “design conditions” o>  @elaopd
cuopoyedgC 2208:300p8: BC:mefgsacsqpi(indoor design conditions)o? comfort zone e&od
(area)3o0p:3 egqudSecpdoopdi Comfort zone saefoypEisé indoor design condition saefoypEsod
32082(p)03¢ 20600805 Gwdlgoon:a0di

Table 5-6 o3& indoor design condition gqp:o3 Gw5goon:oopdi Design condition o3 egegied
20pdme8l  2005ea0E00dam(gbeog(comfort) 0od9op5:dom  Bionsecwsod energy conservation
eomeoqs omoSon(responsible) qupdi 320§:038: BE:mefgzres(inside design  condition)o?
egequdo0pd=adl energy code o c3ab50q§ 83260005

6e00Csepad[yCuddEiang s (outside winter heating design temperature)qp:o? table A.9 opé
eedlgoonzaopdn Table A9 20p5 d:ecvo00 wodonigps(weather records)od sae[gdoonzoopdn United
States $& oofgieoo §EEgp:ei esep 0069qC:Bel GeonCiqpad outdoor air heating design temperature
o3 heating dry bulb column o3¢ eblgaon:aopdi od3ai053a0005(value)gp:aopd $dedlE:qpign popds
00020005 §pa8p0n wodondigpe(weather records) [g8fo300051

@o:R8 Gedlgoon:aopd 0o&Bigpicond 8600pd outdoor air temperature 20pS qibig) 00650
2Rl $0§edC:(pg)so§op(35 hours each year) [gdedldaopdi oodspbiemiyE 0odsdeaoyC:s
§°§0IE: (p8)5o8§oP [g0edlopd 320988652005 eGSR0} vesdlgoo:dh

0068londgpomn [g6eil8E00 epadpondjind design temperature sa[gd  saadiolgooeon
320)g8g€ 332600050005 GoFesmE saguSssontegeqiuSoonsoopd(oversized) heating equipment
[§0e000051 20€angpHoopd(reasonable) design temperature o3 20050052005 [BleoCegbrodaon:
20pd [gComapg§(outdoor temperature)oopd  saspSicad8boydagEeondcopd: heating system ol
operation 205 comfortable indoor conditions cs§Eao&aobi

3266§n0g¢ olgdess c305s0qepdur 2005¢050020pd US energy standards a3w0pdb local
energy standard gp:oR€ cudlgoonioopd 8&E:mnclgeacsypist 3a5p5:c05 o3R8
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0)o0zp0038  eudlgooniogd  8&C:mac[gmacsqpioopd  heating qpbesod  326E0005Fd
(building) 3203€:93 eq@:eqegoopdeoiqs(humidification cpdeuigs) c3=6aC latent heat energy o3
0g05¢] copdeusqupdi Outdoor air humidity design level o3 zero =5[gd vpsodh 0odsodisansyé
[g€oerocdoné eqfieqegyp: wfop vasoo0RdI
Table A.9 o€ summer cooling 920305 outdoor design data o} eedjgoonsoopdn Latitude

605052005 oopdep3aqdesooet 8o§cogBozs (number of degrees of latitude from the equator for
the location)o? Gwd[goon:aopdi Degree Days 6osdcda0pd 3a0c0iqepd epaBel vwdan(expresses the

Gcm&ooogeg%

severity of the heating season)o? Gw5{goozoopd
o (9-9G)

Chicago, Tllinois 32q6632003E 0opSeamnodooniepd 003:e3E(Big Bargain department store)
320305 heating system 83E:c00q§ ©pdoopd outdoor indoor winter temperature 8399:gqepd0d
a%ggoSSh

Table 5-6 recommended energy conserving indoor air design conditions for human comfort

Air Temperature (DB) °F | Relative Humidity Maximum Air Clothing
(RH) % Velocity* (FPM) Insulation (clo)
Winter 68-72 25-30 30 0.9
Summer 76-78 50-55 50 0.5

*At occupant level.

306
s

Table A.9 ¢ Chicago 320305 20&eaqo0pd outdoor heating design temperature 2025 6°F
[§020p5i Table 5-6 ¢ indoor air design condition o3 68°F =5[g6 egegudoopdi egEoudongpoopd
6e00Csepad 650000403 0odeamdiepduy vasoeamelopE(a justification for this is that
people generally keep their winter coats on while shopping) 8£620050088s(low end of the

recommended value)o? egegioS[gEs [gdo0pd

§)-00.0 Unheated Space Temperature

:26§3000960800080000 Fooss(heated room)s¢ 3a[gCsdeslompionl 306510005 ©GLI00:0000
m08s(unheated rooms or spaces) 00p5§8Ea0p5n Beresizands (temperature)oopd heated room cood
38620001 3265:600560:000:000) Z0ed:(heated room)e 3a0gp:00p5 3a038:8¢(separating partition) o3
[go5¢) unheated room e828 opselgpaogn§Caomelompt heat loss vedNO3 030568 AS=620051

0E00660:000:0000656p IS (unheated space temperature)oopd  329f:m0GS
(indoor conditions)s¢ [g€08&E: 220§ 8(outdoor design conditions)o safoyrsopE  [gEa0pbwr
8&Esoqpion  vpeo[cgoopdn Ipencdecusoosoopdesep(unheated space)el o8qEd5o[gE e§o
(exposed glass area) sacg$qpsescyC [gEosapd§(outdoor temperature)sé opoBoopdup wpso
8820051 Unheated space o3 heated space qpon 8&:§oon:aq€ untreated room s20§$03 indoor
design condition 32[g6 upeog] heat transfer [gdedlgod copdogades eadsadeon

206005660:000:0000656p(unheated  space)gpiel 0opdSdepesepo? A30dg 0g0de0Pd
$5:5¢ 2059050pqo0pd :0§a3fgig foopds
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§)-00 Room heat loss and room heating load

Room heat loss 8300p0¢0 3208:00005:qC:8e1 3a0ad:g:a00cdIE(sum of each of the room
heat transfer losses) $¢ infiltration heat loss 03 cdlEs004gE: [gdoopd

Room heating load 20p5 3208:32038:08 copdeoqepd 3ap0wdan(amount of heat) [gd
20001 208:320§503 2005005000:0009 220§ (indoor design temperature)ogé ad38:000:q$ 320305
room heating load 20p5 room heat loss $& p3qj000u

PO (§-08)o3E room heating load 00555 (procedure)od ceSgoonzoopdi

RO (9-09)

0(g-00)0zE  §eoSs(office  room)ood9od  eedlgoonsoopdi 0odood  336E0053] (one-story
building) (g8 Des Moines, Iowa 632003¢ 000580001 32680005358AD0RE  330E02002:0000
elgezmndedi(heated basement) Al§oopdi Design room heating load o3 0050l

00p06em05002O(construction)ed 6300503 Ged[goo:a0pdza03E: [gdoopdn $§(wall) sodje
20220000 6 in. concrete (120 #/cu. ft), R-8 insulation, 1/2 in. gypsum board finish [g&oopSn
[gon€sedlod(window) 3agud3a00:0005 5 ft(H) x 4 ft (W) (99205 [goosedlod sadjrsaentonpd pivoted
type, double glass, aluminum frame [g®aop5i Infiltration rate 0005 0.50 CFM/ft (9620051 68IE&s(roof)
:§pep02:0005 flat roof metal deck, R-8 insulation [gdo0pSi qod50(0305 sadjezaenoopd suspended
ceiling [g620p5n qodg0[0305(ceiling) 33(gE (height)aopS 9 ft [gdaopb

-
< 141t >
L i

: N o

Office plan view 12 ft

5ftHx4ftW
Y
‘ = -t

c;) §)-00 Floor plan for Example 5-15.

06

) %m@& Fg0OZ0HYP0T 05600073 C0pdEjoRr52000 F6ReyEerE:S ayig|ch

() Design temperature o3 table 1.10 $& A.9 o egiquSOll 3205233038320 (indoor temperature)
2005 71°F [g®00p5i [g€omapq$ (outdoor temperature)aog - 9°F [gdaopdi

(p) Table A.6 $& A.8 03¢ U value qpzo’ ©050adli

() Equation 5.8 03 saaddje] heat transfer loss g0 005078 Eo0p

(§) Equation 5.10 o3 32034gjg] infiltration heat loss o3 305082005

(6) Room heating load 2005 32¢ad:4e ©0cAIE:(sum of all the losses)$E p8gjoopdi
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U (BTU/hr-ft-°F) | x A(ft?) X TD(°F) = Q(BTU/hr)
Wall 0.10 X 106 X 82 = 870
Window 0.60 X 20 X 82 = 980
Roof 0.08 X 168 X 82 = 1100
Total heat transfer loos | = 2950
Infiltration heat loss1.1 x 0.50 CFM/ft x 18 ft x 82 | = 810
Room heating load | = 3760

Baagedigagp: 330:00:61 9eedlSs [gdoopdi

Design heat loss gp:od 0305000088 6pSoopd heat gain 03¢ wcopdoo&ali Solar heat gain
[§6c0l8E@a050pbs 22[gond: wqfEeamaelopé BodqesaE copdeozadaodli Steady internal gain
§oopd 32680005358qp:a3E net heat losses o3 copdogs 0g05q05qeRdI 2[gond: dosfgbedlesandd
heat gain gps§og€ copdoga58Edoobi

§)-0 ) Building Net Heating Load

:0S:00608:qiC:(individual room)8el heating load =5[g€ 2680005333 (building) cod9cd:eh
heating load 03 305§ 822600051 Building net heating load a320p5¢n [gE08&E:mna[gzacs (outdoor
design conditions)oa€ 3680005333 (building)oodeadiogad 8eab0pd sapowdan(amount of heat)
[§620p5n Building net heating load o3¢ building heat transfer loss qps 1 infiltration heat loss gps $C
ventilation load qps Jo€aop5i 0 heating load qps 399:0d:61 9GAIE: LeN[gd0RdN

§)-0J-0 Building Heat Transfer Loss

Building heat transfer loss 2005 heat transfer loss qps eAIC:aongCs(sum) [gdaopSi sa6e0005
28 $4) [gooEsadlodi 03k [38:0: ©20p503 wodeod [§E0ad 0godagniaopd(adigrogreoopd) Sapqp:
(outdoors through the exposed walls, windows, doors, floor, and roof of the building)eclCscos(gEs
[g620p5n 00bspbsaandgE edsgrogaso0pd 3200 IC:(sum of the room heat transfer losses) [gdoopdn
3268000533861 ¢ [gooCedlod odel [36:e€:00000 e§urngeacdlis(total building area)od od&:op
(measure)g] Bw0ods0E AB05§0d cgndun(calculate directly) 20&2005

§)-9 - Building Infiltration Loss

32680005208 (building)ogE 0o69c00S Sgpiaopd seedodgp: §esagiE(more than one side with
openings) infiltration air 20pd §oog 3aeAlodgP: ssdiwode coBIEscD oleepades olgdSEaeol
:0Selopéadeadd croopd 3a[gond: Bioopbep dendendadam cBadeseomelopE [gdoopdn
00655:3:0g GBS GEds0e§ seedndgpiog€an infiltration [gedloopSn srefiaoyt:s
egaeesyps 32038:4¢(partition)elop 203m00y 0gedgESes ©0550p51 Mechanical ventilation
system cloypC infiltration [gB[gS: caqpspSiogdCoopdi 336000598 (building)gpsopE  infiltration
o[gbes€ 0320905882051

68000535861 infiltration [g05$:(CFM)20pd $§o0beqC:Bogt [gbeoled infiltration g8
(CFM) 90edC:on§d:el 00d00d[gboopdn 0odspdiemndgé ma6eoncd=de infiltration rate 20pd
$8qp2 320:00:03€ 9800 infiltration &l 028005 [gdoopd

(The building air infiltration CFM is equal to one-half the sum of the infiltration CFM of
every opening on all sides of the building.)
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62200503¢ building infiltration heat loss $¢& building net heating load c305$05s(procedure)o?

POy eudgoonoogdi

Inf.= 300 CFM

Inf. = 100 CFM
Inf.= 100 CFM

Inf. =200 CFM
$ §-00 poed(§)-06)320305 H[36: (Sketch for Example 5-16)

pow (§-06)

0(g-00)R¢  eudlgoomopd FeendIPEl  SeSi3209C:30§S (indoor  temperature)aopd
70°F (968 [gComepq§ (outdoor temperature) 20pS 10°F [gdoopSi Building heat transfer loss 20p5
170,000 BTU/hr [g&oopSn Infiltration rate o3 eelgoonsoopdn Infiltration heat loss $& net heating load

o3 pdl

ey
(0) 326800053861 $qpazaad:oxl [§dedlaogh infiltration rate o3 gpdli Aeg00S 0odond(one-half)

005N (Find one-half the infiltration rates for all sides of the building)

300+ 100 + 200 + 100
Building infiltration CFM = > = 350 CFM

(1) Equation 5.10 o3 s20%¢qq] infiltration heat loss o3 gpaogd
Q= 1.1 x CFM x AT

= 1.1 x 350 X (70 — 10) = 23,100 BTU/hr
(p) Building net heating load o3 c3052005
Heat transfer loss = 170,000 BTU/hr

Infiltration heat loss = 23,100 BTU/hr
Building net heating load = 193,100 BTU/hr

§)-0p System Heat Losses
Direct room §§ building heat losses(heat transfer and infiltration/ventilation) o@s;@& duct gps
$C Bodqp(piping)] [gdedlo0pd heat loss gpiejogpEaopd: system heat loss SgpzcngEoopdi

§)-99.0 Duct Heat Transfer Loss

Warm air heating system og& duct qp:oaé unheated space gps(attics, basements, shafts,
crawl spades ©00pdesepqp2)o? [godagn:aopdsadl saponielgplig(heat transfer) [gdedloopdn Duct
28w  pegroopderogPoopd  GEes0000  Gon:Nod§esepqps(cooler  surrounding - spaces)s8a3
090502508660
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Building sensible heat loss &l 2% ¢ 5% 0§03 duct heat loss 3265[g¢ copdedi€:q$ hand book
qp20R¢ eedlgoonsaopdi copdediE:qepd p§Egsi(range of value)oopd duct sagpS(length of duct-work)
I insulation $& 32§:00508:03E320§ (surrounding temperature)o? sseolaE ©oopSa0p51 Ductwork
qP:oR05 328680t R-4 2080 insulation o3 3203ggj00&a00i

§.99. ) Duct Leakage (Duct qpi¢ 6coud38éq [gdedl[ge:)

Supply duct § sa8005¢ps(seams) oogj,esepgp:aRE o384 (air leakage) [gdedloogbn 320
adsgeq(heat loss) [9boopdn 338qps(private residences)qp:ogE  unconditioned space esepqpPd
ecoulB8gEs(air leak)elopE [gdeclaopd heat transfer owdanoopd 5% ¢ 10% 32038 [§88E00
[P3eems00pd 32680005958 ¢p:(larger buildings)ogE [gdedloopd euudBogoopd ondeole(sheet metal

installation)qpsel 3aqpdaa60g:60/0RE GoopS200I

§)-09.p Piping Losses

Hot water a300pob steam heating system qpso s00a:gea(heat lost) [gdel8€ea05c0pb: ves
20p0805(hot piping)gqpsoopd oocudfG: insulate coSooneomelopE [gdedoopd heat loss vwdan
3208550500051 Belopé copdogedes wadmebeon Heating system qp:eaogod epdEsseansgobecad

:236e008:(allowance) 0020005

§)-09.G Pickup Factor or Allowance

System gp:03 ©ooCewrds(start-up)oopdsesl eAlEicodaepd 00§8:03 “pickup factor” op
@9l 20p51 3268000522861 heating system o3 (JG)§98§0050d: Guriooozoopdsadl(intermittently heated
building [g®o0pde4l) a3eupdd regular night time temperature setback §p5:03 8203go0pdmedlse
equipment capacity 20p5 building load $& 0pp8§qjom[gdag€ heating equipment 20pS soeSigp:
(rooms) =20§$03 design temperature o eepodesnE SYSI5pd:cud32038:5 [Gro68EELRS
oopodeon B3l mafgmesd olgdedeoq§saogad central heating equipment gpsell saguSsaen:
egeqIud20pd 326l pickup loss allowance copdag&:aonzao&aopdi

00§60 8&Esoqp:aopd (00)epdEgsiel sa8es0nCs(extra 10% loss)aonzoopdn 10°F night
setback [gopbaopd Intermittently heated building gps=aogad 40% 3208 2a86e00Es0005030000H
Residential equipment gpzza0g05 a398 3a8es0nE:000gE:elopE equipment saguSsaenodensonB:
op§oedod Sqp:gEasph

[P3pems00pd saGe000d3](large building)gpsog€ equipment sizing allowance cosg€:0005
setback 320305 adsd(standard practice) oupcSeon oofgpseoospds(strategies)qps §oopdi :20§:320GS
(space temperature)o? design temperature 93 adea0500p532§8 (sufficient time)3a038: eepodeoq$
system o8 28§ 325p0:c00e006] GenC:8E (start earlier)oopd

[03pem:0005 m268000538 (large building)qpsogE o3iEcongps(multiple boiler)sé excess standby
capacity cons§o300p51 93EaopadrrdopgpapbesiapdadEayps(boiler industry)on piping $& pickup

factor(allowance)o? o3iEcnaagudsaon: 6g:qude [grpdopqpieaogad olgbees eedlgeugs a3ooobi
Standard piping $& pickup factor 2005 15% © 25% 33038 (3680051 oBEasadjezaens(boiler type)

$C =agubsnos(size)elongl goopdq cocSeogmac(gmaesogt piping $¢ pickup losses gp: olgpCscd
§E2005
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§)-09.§) Net and Gross Heating Load

Net heating load 2005 sagowran(amount of heat) [gdoopdi 3a6s000520832038:§ F208:qp:
g (building rooms) 83260005 system heating loss (ducts, piping, pickup) qpsoopd room load o3&
odlo€eon eo0dadEeon o load qpsoopd boiler 2Bewr0d furnace 20305(gda0p5n Net load $& cdEsq)
99cOC:on83:03  “gross heating load” oy @sloopdn  Heating equipment gp:  0905G0IERD
oo (heat output) [g6oopd
209 (g99)

:2680005280069e  building net heating load 20pd 350,000 BTU/hr  [goopd
ecoolBde(leakage)elopé [9edloopd duct heat transfer loss $& heat loss $696IE:2005 10%
[g000p51 2098:320§8 (space temperature)o?  poza§§co 10°F set back [gap&aopdi Building gross
heating load (the required furnace capacity)o?3 gpdh
ey

System loss gp:03 cdICsq) net load 0o§3:q§oopdn
Net heating load = 350,000 BTU/hr

Duct losses = 0.10 x 350,000 = 35,000
Pickup allowance = 0.40 x 350,000 = 140,000
Furnace capacity (gross load) = 525,000 BTU/hr
pom§$oC 10°F set back [gopd[gEelomE pickup allowance 40% copdogabaogdi
Service (Domestic) Hot Water Heating
0066londq) boiler © heat output o3 space heating 330305000000 hot water service (kitchens,
baths ©20p503) 32030501 320%3{g[00pdn Hot water system 320305 load 0go5$05:03 ASHRAE Handbook
qPze 6ean§Eaopdi oer3pG03E hot water service 3a6[opE: ool

§)-0G Summary of Heating Load Calculation Procedures

Heating load 0305505: 3280&e0& (step-by-step instruction)od eudlgaon:aopdi oodesiqi:Be
ezom(individual room data)sé qroSgps(results)o? room heating load calculations form o3 $(g-0 )
¢ eudjqoozaopdi O(§-0p)20p5 building heating load calculations form (962005 a3 form gps 20p5
residential $& commercial 2680205208 ( j)qjgo0:320305 3203g8 Eoopd

§)-0G.0 Room Heating Load Calculations

Room Heating Load og055e5:

(0) 2oferqdaop) srefimnopl: 838:mnpd§(indoor design temperature)sC =oofifglo 830G
(outdoor design temperature)qpso? table 1.1 $& A.9 ¢ egegiuSdli

() 32038:300m-30305-2[g¢ -zaq 5 (dimensions)qp:od Sapomd(architecture plans)e qoadh soof:
o3& (each room)3a0305 heat transfer [g6edl8E2005 [gEusgqpeciedorn [gontiedndgp:e e§un
(areas of exposed windows, walls, and so forth) o303 ogoSaach

(p) 20&eagpdaop) overall heat transfer coefficients (U-value) o3 tables 3.1 1 A.6 — A.8 ¢ aggoSAli |
a3ew0d table A.4 and A.5 03¢ R-value gp:od ©0dupg) 0051053l
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Room Heating Load Calculations

P. of PP.
Project Location Indoor DB F
Engrs. calg.by oo e oo o oo BHKBY OutdoorDB _____ F
Room
Plan Size
Heat Transfer U x A x TD = BTUhr U x A x TD = BTUMr U x A x TD = BTUhr
Walls
Windows
Doors
Roof/ceiling
Floor
Partition
Heat Transfer Loss
e s (CFM) (CFM) (CFM)
Infiltration 11x A x B x TC = 11x A x B x TC = 11x A x B x TC =
Window 1.1 1.1 1.1
Door 1.1 1.1 11
Infiltration Heat Loss
Room Heating Load
Room
Plan Size
Heat Transfer U x A x TD = BTUhr U x A x TD = BTUhr U x A x TD = BTUhr
Walls
Windows
Doors
Roof/ceiling
Floor
Partition
Heat Transfer LossT §
o (CFM) (CFM) (CFM)
Infiltration 11x A x B x TC = 11x A X B x TC = 11X A x B x TC =
Window 1.1 1.1 14
Door 1.1 11 1.1
Infiltration Heat Loss
Room Heating Load
Infiltration CFM | Column A Column B
Windows CFM per ft | Crack length, ft
Doors CFM per ft2 Area, ft2

("3 §-0J Room heating load calculations form.
(G) ze08s(room)el :[gEan0d qEdslgE(exposed surfaces) 30:d:320305 Fpedigza(heat transfer
loss)o3 o303dl (equation 5.8) room heat transfer loss 89209208 Al

() elges305§ [36:eE:(basement floor) $E4¢(wall) o3el U-value qpso? table 3.2 $& outdoor
ground temperature 03¢ ©05098E20001
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() elglgencon’sq floor slab qpizacgedsé sa[gEanndaaesgps(exterior rooms)ss0305 edge loss
o3 (equation 5.9 and table 5.3) o §8Eo00i
(§) Room infiltration heat loss o3 03053l Crack method o3 3203qje) oge>Ch

() [gon&sedlodmandelogpEiaagpd(window crack lengths)sE obdslefoo(door areas)od 8ooom
dqps(architectural plans) ¢ q§8Eo0p51 caonCafsqps(corner rooms)3a0305 ¢ (wall) codeod
03200 copdoz05qepdi

(9) Table 5.4 930005 FasOp@LI:(equivalent)e infiltration rate o3 0050p8E2000

(0) Equation 5.10 o3 sa0dge] infiltration heat loss 03 03050p8Ea00N 3680005382005
mechanical ventilation system o3 32034gjq) 3305gEon0de30E (pressurized) [groSoomsdlon

infiltration loss qpso? aqdaqqSE(considered negligible)oopSi copbogabes ©cd=a6dl
(6) Room heating load o3gpdli

Room heating load = room heat transfer loss + room infiltration loss

§)-0§) Building Heating Load
$ (§-09)20p5 Building heating load calculations form [gd2opSn Building heating load o305

280&qP:0d cudlgoonzaodi

(0) 33[g€onnd4dqps(exposed surfaces)od [godq) [9beclopd heat transfer losses o3 oo5dh (total
exterior areas of the walls, roof, and so forth ©20p503al) [gEogEdso[gE e§oad 3aaddg)
03053 3208 0de:8el qjod59[gEade 0g0durngIE 32¢2:3¢P:8Ea00I

() 3268000508320p8x(interior)y  Bsmxgpiezant(pressurize)  olgiopbooniagl€  eoodcopSieoms
mechanical ventilation ©o26s0EooagiEeacdropdicomE: infiltration [g8[gEselopé heat loss

[gdaclaopbn

Infiltration oe>aNo? gpes
() 22680005353 (building)3303E:§ 2a60lodyps 3a0:0d:(all opening)ei [gdedloopd infiltration
(CFM) o gpe$ crack method saad3{g§Eaopdi
(®) Infiltration CFM $& equation 5.10 o3 3203qqjq building infiltration heat loss o3
03050300
(p)Building 0 mechanical ventilation 026s0CconaqiE sa0pCs(interion)] cdeauodo0pd dzan:
(pressures) §oqi€ ventilation heat load o3 03053 Infiltration heat loss 03 0058 ecdzabeon
Ventilation load 03 6320053013203€: 03050980005
(o0) Table 6.17 ¢ outside ventilation air (CFM)o3 cgsgjoSdl
(9)Equation 5.10 03 32a34gjg] ventilation sensible heat load o3 o050l

(0)Building 03 humidified cp6q§ g€ equation 5.11 [g¢ ventilation latent heat load o3
03050
() Building net heating load o3 o057l

Building net heating load = building heat transfer loss + infiltration loss

(§)) Duct loss $& piping and pickup allowance 2003 system loss qpso? gpdli (Section §).00).
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(6) 9 Ecvn(boiler)od saodsgiooasagi€ service hot water load 03 oge5dl

(Q)Building Gross Heating Load(BGHL)o3 ogodCli BGHL o3 seelgde) furnace/boiler sagudsson:
(capacity)od egegiuSo300pdi

Gross heating load = Net load + Ventilation loads + System losses + hot water service load

An example of heating load calculations for a building may be found in Example Project I in Chapter
17. The student is advised to read Sections 17.1 and 17.2 at this point for an account of some
practical problems encountered in doing an actual estimate.
The following Web sites provide heating load calculation software:

(0) www.hvac-calc.com () www.elitesoft.corn

(J) www.wrightsoft.com (§) www.carmelsoft.com

() www.hvacsoft.com

Building Heating Load Calculations DB, F W', gr/lb
Project Intdoor
Location Cale. by Qutdoor
Engineers Chk. by Diff.

| | | |
Heat Transfer Q= u X A % TD = BTU/hr

Roof

Walls

Windows

Doors

Floor

Heat Transfer Subtotal

Infiltration Qg=11x ____ CFMx ______ TC=

Building Net Load

Ventilation @,=1.1x _____ CFMx _____ TC=
Q=068x ______ CFMx _____ gib=

Duct Heat Loss Yo

Duct Heat Leakage - %

Piping and Pickup Allowance — %

Service HW Load

Boiler or Furnace Gross Load

(’3 §)-09 Building heating load calculations form.
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§).06 Energy Conversation

Building heating load o3 cogpqi8€[gticlops gb:ealodsgy cogpqi8€aopdi eImodopd
building heating load eogRqI8Ea0pdsp5sgpiod  cudlgoonsoopdn (major opportunity for energy

conservation)

(0) 32680005228000690d:(building construction)oge insulation oxEseznCioneznapdall cg&d0pd
DS 0056800059000  3680005353¢qpi0gE  insulation  eadecod(inadequate)eaxelopé
g&s3E[g§s03sep (wasteful of energy)eepodoopdi 22632:3C:a8 (colder climates)og §oopd cwes
3268000533 gps(residential  buildings)y overall roof-ceiling resistance 20305 R-20 ¢ R-30

3280803 32094go0&o0pdN

() 3268000520832098: cpqp:edd$ (unoccupied periods)ogE setback(lowering of temperature) o3
saaddg|(practice)oo&oopdn 0odsob:emigC cpgp:fesq$op¢ heating system &l 30§ set point o3
2503005 GagRg|0:00E200

(p) 6e0oCsepaBogt :g[gEaopd S0 ofS(set)od 200HEoIEDBIM[EEY TGS
§S0o00&200n (Use inside winter design temperatures that provide comfort but not excessive
temperature. )i 60832653 3208[gEo0pd =0§E ©0omE 2esimpds 75°F 03 0cd32053
ogj$(set point)ooCali 3208t 320803 68°F o 72°F 3209C: 20&§adSaon:oo&oopdi

(G) [gooCiadlodgpisC oddkgpazanind:opE(all windows and doors) weather-stripped gp: 0o&e0&aon:dli
Mild climate oc36] 32682:38:a803E §o0pd 8000528 ¢Piaa0g05 double glass 93ewpod storm
windows gp:o3 2a2gq Al

(§) 9552005 00550 (correct procedures)o? saodsgie] 22¢9%:geq (heat losses)od ogaddl

(6) gbseatadgy eoqpspbs(reducing energy consumption)eoq$ssog05 3268000520861 82008RE:

qo5590ep00d1 3023g[o0pd ©8adjimeonist 0Sqodsa[gE e§o ©20p503 (orientation, use of
glass, type of materials, and so forth)o3 copdog€:odion:dh

Q) 20&eaypoopd cdodeyppdeaglgdaopd energy conservation construction standard  qpod
c8od50dl

§)-0qQ Review Questions
1. What is the heating load and what items make it up?
What is the infiltration loss?
What is the ventilation load?
Define resistance and conductance. What is their relationship?
What are the two methods for estimating infiltration?
How is the infiltration for a corner room found when using the air change method?
What is meant by the term setback?
What outside temperature is used to find the heat transfer from below grade surfaces?
Through what part of a-building is the heat transfer loss proportional to the perimeter?
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§-00 Problems

3.1 A homeowner asks an energy consultant to find the heat loss from his home. On one wall,
measuring 15 ft by 9 ft (without windows), the consultant measures a temperature of 66°F on the
inside surface of the wall and 18°F on the outside surface. The wall has a thermal resistance of 0.35
ft>-°F-hr/BTU. What is the rate of heat loss through the wall?

5.2 An insulating material has a thermal conductivity of k = 0.23 BTU/hr-ft2-°F per inch. How many
inches of the material should the contractor install if energy conservation specifications call for
insulation with an R-12 value?

5.3 Find the overall R value and U factor in winter for the wall with construction as shown in Figure
5.14.

5.4 The wall in Problem 5.3 is 30 ft long by 12 ft high. The indoor temperature is 70°F. What is the
heat transfer loss through the wall on a day when the outdoor temperature is —5°F?

5.5 A state energy code requires a certain wall to have an overall R-15 value. What must be the R-
value of insulation added to the wall in Problem 5.3?

5.6 A roof is constructed of built-up roofing on top of a metal deck, R-5.5 insulation, with a suspended
V2 in. acoustical tile ceiling. Calculate the R-value of the roof in winter. Com-pare the result with the
value from table A.6.

5.7 Find the R-value of the roof in Problem 5.6 if 2 in. more of glass fiber insulating board is added.

5.8 Calculate the heat transfer loss through a 4 ft 6 in. wide by 3 ft high wood sash window with
indoor and outdoor temperatures of 68°F and 3°F, respectively.

5.9 Calculate the heat transfer loss through a 25 ft by 30 ft roof-ceiling of a house with pitched
asphalt shingle roof, vented attic, R-8 insulation, and 1/2 in. acoustical tile on furring ceiling. Inside
and outside temperatures are 72°F and —2°F.

5.10 What is the heat transfer loss through a 40 ft by 20 ft basement floor when the room is at 65°F
and the ground temperature is 50°F?

5.11 A warehouse in Cleveland, Ohio. built on grade, is 100 ft by 40 ft in plan. The wall construction is
4 in. block with brick facing. R-5 insulation is used around the edge. The inside temperature is 68°F.
What is the heat loss through the floor?

T
6 in. sand and gravel aggregate | )

(not dried) concrete
R-5 insulation

R0 SO

1/2 in. gypsum board

Q §-0G Sketch for Problem 5.3.
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5.12 Find the sensible heat loss from infiltration through a casement window with a 3 ft wide by 4 ft
high operable section if the infiltration rate is 0.8 CFM/ft. The room temperature is 69°F and the
outdoor temperature is —8°F.

5.13 A room 15 ft by 20 ft by 10 ft has an air infiltration rate of 1.5 air changes per hour. The room is
at 72°F and the outdoor temperature is 1°F. What is the heat loss from infiltration?

5.14 A building in Milwaukee, Wisconsin, has 2000 ft? of single-glazed vinyl frame windows. The inside
temperature is 72°F. Using the recommended outdoor winter design temperature, calculate the design
heat transfer loss through the windows.

5.15 To save energy, it has been decided to install double glass windows on the building in Problem
5.14. What is the reduction in the design heat transfer loss?

5.16 Find the total heat loss from heat transfer and infiltration through a single-glazed 5 ft wide

by 4 ft high double-hung vinyl frame window in a building in Springfield, Illinois, maintained at 71°F.
The infiltration rate is 0.6 CFM/ft.

5.17 A corner room in a building in Pittsburgh, Pennsylvania, has two 3 ft wide by 4 ft high casement
windows on one side with an infiltration rate of 0.7 CFM/ft, and a 7 ft by 3 ft door on the other side
with an infiltration rate of 1.2 CFM/ft. The room is at 68°F. Find the design infiltration heat loss from
the room.
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c;) §)-0¢) Sketch for Problem 5.3.
5.18 Find the total heat loss through the exterior wall and windows of a room at 72 F, as

described:
Wall: 8 in. concrete. R-5 insulation, 0 in. gypsum wallboard. 30ft long by 15ft high
Windows: (5) 4 ft wide by 4 ft high double glass, aluminum frame. casement type.
Infiltration rate 0.5 CFM/ft
Location: Salt Lake City, Utah

5.19 Find the design heat loss from the room shown in Figure 5.15 on an intermediate floor in an
office building in Toronto, Ontario. Use recommended energy conservation design values suggested in
this chapter.
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Wall: 4 in. face brick. 8 in. cinder block. 1/2 in. furred gypsum wallboard
Windows: 4 ft wide by 5 ft high, double glass. double-hung. vinyl frame
Ceiling height:  oft

5.20 Calculate the individual room heating loads and building heating load for the house shown in
Figure 5.16. Use recommended energy conservation design values.

Location: Hartford, Connecticut

Walls: wood siding. building paper, wood sheathing. R-4 insulation. 3;8 in. gyp SU/11
board interior

Windows: double-hung. wood sash, single glass

Roof: pitched. asphalt shingles. Building paper, wood sheathing, R-8 insulation. gypsum

board ceiling. attic
Doors: 10 in. wood. 7ft high
Ceiling height: ~ 9ft. No basement

5.21 Calculate the heating load for the building shown in Figure 5.17. The building is constructed

on grade.
Utility Bedroom
I room Kitchen Bath No. 3 ]
I:I N
| L — L] — ‘

I Living Bedroom B Bedroom T

room No. 1 I— No. 2

 — — l\/i— — —

All windows 3'—6"H x 4'W
Scale 1/8in.=1 ft—-0in.

Q g—o@ Building plan for Problem 5.20.
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Location: Topeka, Kansas. Factory
Walls: 8 in. concrete block, Furred gypsum board
Windows: double: glazed, aluminum frame

Mechanical ventilation: 2500 CFM
Doors: 1 in. wood
Roof: 4 in. lightweight concrete, finished ceiling

Computer Solution Problems
5.22 Solve Problems 5.19, 5.20, and 5.21 using heating load calculation software available from one of
the following Web sites:

www.carmelsoft.com

www.elitesoft.com

_f/\if-——~4&“———4§————--—|

I Factory building

Height: 12 ft
Windows: 8t Wx6ftH
Doors:8ftH x5 ft W

Scale: 1/16in.=1'-0"

_’\/L — — —

¢ §-0q Building plan for Problem 5.21.

-End-
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