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BaBasisic c CCononceceptptss

••   
•• ConductionConduction

•• ConvectionConvection

••

•• Thermal properties of building materialsThermal properties of building materials
•• Overall thermal transmittance (U-value)Overall thermal transmittance (U-value)

  
•• Thermal capacity (specific heat)Thermal capacity (specific heat)

QQ == UU AA ((ΔΔt t ))



  

Four forms of heat transfer Four forms of heat transfer 

CONVECTIONCONVECTION

(Source: Food and Agriculture Organization of (Source: Food and Agriculture Organization of the United Nations, the United Nations, wwwwww.fao.org).fao.org)



  

BaBasisic c CCononceceptptss

••   
level)level)

•• Sensible heat transfer rate:Sensible heat transfer rate:
•• = = 11..223 3 FFlloow w rraatte e LL//ss ΔΔt t 

•• LatLatentent heaheat t tratransfnsfer er ratrate:e:
•• qqlatentlatent = = oow w rraa ee, , ss ww

•• Total heat transfer rate:Total heat transfer rate:

•• qqtotaltotal = 1.2 (Flow rate, L/s) (= 1.2 (Flow rate, L/s) (ΔΔhh))

totaltotal    sensiblesensible    latentlatent



  

BaBasisic c CCononceceptptss

••   
•• The amount of heat that must be added or removedThe amount of heat that must be added or removed

rroom m tt e e ssppaacce e tto o mmaa nnttaa n n tt e e pprrooppeer r tteemmppeerraattuurree
in the spacein the space

•• When thermal loads push conditions outsideWhen thermal loads push conditions outside
o o e e ccoomm oor r rraannggee, , ssyyss eemms s aarre e uussee

to bring the thermal conditions back toto bring the thermal conditions back to

  

comfort conditionscomfort conditions



  

BaBasisic c CCononceceptptss

••   
•• Calculate peak design loads (cooling/heating)Calculate peak design loads (cooling/heating)

•• Estimate likely plant/equipment capacity or sizeEstimate likely plant/equipment capacity or size

••    .. ..

•• Form the basis for building energy analysisForm the basis for building energy analysis

•• Cooling loadCooling load is our main targetis our main target

  
•• Affect building performance & its first costAffect building performance & its first cost



  

BaBasisic c CCononceceptptss

•• GeGeneneraral l rorocecedudure re fofor r cocoololin in loload ad cacalclcululatatioionsns
•• Obtain the characteristics of the building, buildingObtain the characteristics of the building, building

, , , , ..

specificationsspecifications

   , , ,,

shading (like adjacent buildings)shading (like adjacent buildings)
•• aa n  n  aapppprroopprr aa e  e  wweeaa eer  r  aa a  a  aan  n  ssee eec  oc  ouu oooor  r  eess ggnn

conditionsconditions

•• ee eec  c  nn oooor  r  eess ggn  n  ccoonn oonns  s  nncc uu e  e  ppeerrmm ssss ee
variations and control limits)variations and control limits)



  

BaBasisic c CCononceceptptss

•• GeGeneneraral l rorocecedudure re fofor r cocoololin in loload ad cacalclcululatatioionsns
(cont’d)(cont’d)

   , , ,,equipment appliances and processes that would contributeequipment appliances and processes that would contribute

•• Select the time of day and month for the cooling loadSelect the time of day and month for the cooling load

•• Calculate the space cooling load at design conditionsCalculate the space cooling load at design conditions

•• Assess the cooling loads at several different time or aAssess the cooling loads at several different time or a

design day to find out the peak design loaddesign day to find out the peak design load



  

Cooling load profilesCooling load profiles



  

BaBasisic c CCononceceptptss

•• A A bbuuiillddiin n ssuurrvve e wwiilll l hheel l uus s aacchhiieevve e aa
realistic estimate of thermal loadsrealistic estimate of thermal loads

  
•• Use of spacesUse of spaces

•• Physical dimensions of spacesPhysical dimensions of spaces

••   

•• Columns and beamsColumns and beams

•• oonnssttrruucctt oon n mmaatteerr aa ss

•• Surrounding conditionsSurrounding conditions

•• Windows, doors, stairwaysWindows, doors, stairways



yy
  

(Source: ASHR(Source: ASHRAE HandbookAE Handbook Fundamentals 2005)Fundamentals 2005)



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  

BaBasisic c CCononceceptptss

••   
•• People (number or density, duration of occupancy,People (number or density, duration of occupancy,

nnaattuurre e o o aacctt vv ttyy
•• LLii hhttiin  n  WW//mm22  t t ee

  

•• Appliances (wattage, location, usage)Appliances (wattage, location, usage)
•• VVeenntt aatt oon n ccrr tteerr aa, , rreeqquu rreemmeennttss

•• TThheerrmmaal l ssttoorraa e e iif f aann
•• Continuous or intermittent operationContinuous or intermittent operation



  

BaBasisic c CCononceceptptss

••   
•• 1. Rough estimates of design loads & energy use1. Rough estimates of design loads & energy use

•• Such as by rules of thumb & floor areasSuch as by rules of thumb & floor areas
•• See “Cooling Load Check Figures”See “Cooling Load Check Figures”

•• See references for some examples of databooksSee references for some examples of databooks

. . ,,

 building info, system info) building info, system info)

•• Building layouts & plans are developedBuilding layouts & plans are developed

•• 33. . PPeerrffoorrm dm deettaaiilleed d llooaad d & & eenneer r ccaallccuullaattiioonnss



  

Outdoor Outdoor DDeesisign gn CConondidititiononssOutdoor Outdoor DDeesisign gn CConondidititiononss

••   

•• Climatic design informationClimatic design information

•• General info: e.g. latitude, longitude, altitude,General info: e.g. latitude, longitude, altitude,

•• Outdoor design conditions includeOutdoor design conditions include
•• Derived from statistical analysis of weather dataDerived from statistical analysis of weather data

•• Typical data can be found in handbooks/databooks,Typical data can be found in handbooks/databooks,

such as ASHRAE Fundamentals Handbook such as ASHRAE Fundamentals Handbook 



  

Outdoor Outdoor DDeesisign gn CConondidititiononssOutdoor Outdoor DDeesisign gn CConondidititiononss

•• CClilimamatitic dc deesisi n in infnfo o frfrom om ASASHRHRAEAE
•• Previous data & method (before 1997)Previous data & method (before 1997)

   , , ,,
•• Based on 1%, 2.5% & 5% nos. hours of occurrenceBased on 1%, 2.5% & 5% nos. hours of occurrence

•• eew  w  mmeett o  o  uunn aammeennttaa s  s  ++ ::

•• Based on Based on annualannual percenpercentiles tiles and cumand cumulatiulative freqve frequencyuency
o o ooccccuurrrreennccee, , ee..gg. . 00..44%%, , 11%%, , 22% % ((o o ww oo e e yyeeaarr))

•• More info on coincident conditionsMore info on coincident conditions

•• Findings obtained from ASHRAE research Findings obtained from ASHRAE research projectsprojects
•• Data can be found on a relevant CD-ROMData can be found on a relevant CD-ROM



  

Outdoor Outdoor DDeesisign gn CConondidititiononssOutdoor Outdoor DDeesisign gn CConondidititiononss

••    ,,
•• Annual heating & humidif. design conditionsAnnual heating & humidif. design conditions

  

•• Coldest monthColdest month
•• Heating dry-bulb (DB) temp.Heating dry-bulb (DB) temp.

•• HumidiHumidificatfication deion dew point w point (DP)/(DP)/ mean cmean coincidoincident dryent dry--

 bulb tem bulb tem . . MCDB MCDB and humidit and humidit ratio ratio HR HR 

•• Coldest month wind speed (WS)/mean coincident dry-Coldest month wind speed (WS)/mean coincident dry-

  
•• Mean coincident wind speed (MCWS) & prevailingMean coincident wind speed (MCWS) & prevailing

..

(Latest information from ASHRAE Handbook Fundamentals 2009)(Latest information from ASHRAE Handbook Fundamentals 2009)



(Latest information from ASHRAE Handbook Fundamentals 2009)(Latest information from ASHRAE Handbook Fundamentals 2009)
  

Outdoor Outdoor DDeesisign gn CConondidititiononssOutdoor Outdoor DDeesisign gn CConondidititiononss

••    ,,
•• Cooling and dehumidification design conditionsCooling and dehumidification design conditions

  

•• Hottest month and DB rangeHottest month and DB range
•• Cooling DB/MCWBCooling DB/MCWB: Dry-bulb temp. (DB) + Mean: Dry-bulb temp. (DB) + Mean

  

coincident wet-bulb temp. (MCWB)coincident wet-bulb temp. (MCWB)

•• EEvvaa ororaattiion on WWBB//MMCCDDBB: : WWeebb--bbuullb b tteemm . . WWB B ++

Mean coincident dry-bulb temp. (MCDB)Mean coincident dry-bulb temp. (MCDB)

••   
•• Dehumidification DP/MCDB and HR Dehumidification DP/MCDB and HR : Dew-point temp.: Dew-point temp.

•• Enthalpy/MCDBEnthalpy/MCDB



pypy
  

Outdoor Outdoor DDeesisign gn CConondidititiononssOutdoor Outdoor DDeesisign gn CConondidititiononss

••    ,,
•• Extreme annual design conditionsExtreme annual design conditions

•• Monthly climatic design conditionsMonthly climatic design conditions
•• TTeemm eerraattuurree ddee rreeee--ddaa ss aanndd ddee rreeee--hhoouurrss  

•• Monthly design DB and mean coincident WBMonthly design DB and mean coincident WB
  

•• Mean daily temperature rangeMean daily temperature range

•• Clear sky solar irradianceClear sky solar irradiance



  

Outdoor Outdoor DDeesisign gn CConondidititiononssOutdoor Outdoor DDeesisign gn CConondidititiononss

••   
•• Joint Joint frequefrequency tancy tables bles of psyof psychromechrometrictric condiconditionstions

•• Annual, monthly and hourly dataAnnual, monthly and hourly data

•• DDee rreeee--ddaa s s ccoooolliinn //hheeaattiin n & & cclliimmaattiic c nnoorrmmaallss

•• To classify climate characteristicsTo classify climate characteristics
•• yypp cca  a  yyeeaar  r  aa a  a  ssee s  s  yyeeaarr:  :  ,  ,  oouurrss

•• For energy calculations & analysisFor energy calculations & analysis



  

Recommended Outdoor Design Conditions for Hong KongRecommended Outdoor Design Conditions for Hong Kong

  ooccaattiioon n oonng g oonng g aattiittuu e e , , oonnggiittuu e e , , ee eevvaattiioon n mm

Weather Weather station station Royal Royal Observatory Observatory Hong Hong KongKong

Summer Summer months months June June to to September September (four (four hottest hottest months), months), total total 2928 2928 hourshours

Winter Winter months months December, December, January January & & February February (three (three coldest coldest months), months), total total 2160 2160 hourshours

DesiDesi n n For For comfocomfort rt HVAC HVAC based based on on For For criticritical cal rocessrocesses es based based onon

temperatures: temperatures: summer summer 2.5% 2.5% or or annualised annualised 1% 1% andand
winter 97.5% or annualised 99.3%)winter 97.5% or annualised 99.3%)

summer 1% or annualised 0.4% andsummer 1% or annualised 0.4% and
winter 99% or annualised 99.6%)winter 99% or annualised 99.6%)

Summer Winter Summer WinterSummer Winter Summer Winter

DDB DDB / / CWB CWB 32.032.0 ooC / 26.9C / 26.9 ooC 9.5C 9.5 ooC / 6.7C / 6.7 ooC 32.6C 32.6 ooC / 27.0C / 27.0 ooC 8.2C 8.2 ooC / 6.0C / 6.0 ooCC

CDB CDB / / DWB DWB 31.031.0 ooC / 27.5C / 27.5 ooC 10.4C 10.4 ooC / 6.2C / 6.2 ooC 31.3C 31.3 ooC / 27.8C / 27.8 ooC 9.1C 9.1 ooC / 5.0C / 5.0 ooCC

Note: Note: 1. 1. DDB DDB is is the the design design dry-bulb dry-bulb and and CWB CWB is is the the coincident coincident wet-bulb wet-bulb temperature temperature withwith
it; DWB is the design wet-bulb and CDB is the coincident dry-bulb with it.it; DWB is the design wet-bulb and CDB is the coincident dry-bulb with it.

2. 2. The design The design temperatures and daily temperatures and daily ranges were ranges were determined based determined based on on hourly datahourly data

(S R h fi di f D S C M H i)(S R h fi di f D S C M H i)

   --

based on extreme values between 1884-1939 and 1947-1994.based on extreme values between 1884-1939 and 1947-1994.



(Source: Research findings from Dr. Sam C M Hui)(Source: Research findings from Dr. Sam C M Hui)
  

Recommended Outdoor Design Conditions for Hong Kong (cont’d)Recommended Outdoor Design Conditions for Hong Kong (cont’d)

  xtremextreme

temperatures:temperatures:

ootttteesst t mmoonntt : : uu yy

mean DBT = 28.6mean DBT = 28.6 ooCC

oo eesst t  mmoonntt :  :  aannuuaarryy

mean DBT = 15.7mean DBT = 15.7 ooCC

aa ssoo uutte  e  mmaaxx.  .  =  =  .. oo   

mean daily max. DBT = 25.7mean daily max. DBT = 25.7 ooCC

aa ssoo uutte  e  mmiinn.  .  =  =  .. oo   

mean daily min. DBT = 20.9mean daily min. DBT = 20.9 ooCC

Diurnal Diurnal range: range: Summer Summer Winter Winter Whole Whole yearyear

- - Mean Mean DBT DBT 28.2 28.2 16.4 16.4 22.822.8

- - Daily Daily range range 4.95 4.95 5.01 5.01 5.05.0

Wind Wind data: data: Summer Summer Winter Winter Whole Whole yearyear

- - Wind Wind direction direction 090 090 (East) (East) 070 070 (N (N 70° 70° E) E) 080 080 (N (N 80° 80° E)E)

- - Wind Wind speed speed 5.7 5.7 m/s m/s 6.8 6.8 m/s m/s 6.3 6.3 m/sm/s

Note: Note: 3. 3. Wind Wind data data are are the the prevailing prevailing wind wind data data based based on on the the weather weather summary summary for for the the 30-30-
year period year period 1960-1990. 1960-1990. Wind Wind direction is direction is the prevailing the prevailing wind direction wind direction in in degreesdegrees
clockwise from north and the wind speed is the mean prevailing wind speed.clockwise from north and the wind speed is the mean prevailing wind speed.



(Source: Research findings from Dr. Sam C M Hui)(Source: Research findings from Dr. Sam C M Hui)
  

Indoor Indoor DDeesisign gn CConondidititiononssIndoor Indoor DDeesisign gn CConondidititiononss

•• BaBasisic c dedesisi n n araramameteterers: s: fofor r ththerermamal l cocomfmforortt
•• Air temp. & air movementAir temp. & air movement

   - - --
•• Air velocity: summer < 0.25 m/s; winter < 0.15 m/sAir velocity: summer < 0.25 m/s; winter < 0.15 m/s

•• ee aatt vve  e  uumm ttyy

•• Summer: 40-50% (preferred), 30-65 (tolerable)Summer: 40-50% (preferred), 30-65 (tolerable)

•• Winter: 25-30% (with humidifier); not specified (w/oWinter: 25-30% (with humidifier); not specified (w/o
humidifier)humidifier)

•• See also ASHRAE Standard 55-2004See also ASHRAE Standard 55-2004

•• ASHRAE comfort zoneASHRAE comfort zone



  

ASHRAE Comfort ZonesASHRAE Comfort Zones

aasse  e  oon  n  vveerrss oon  n  o  o  ttaann aarr



  

Indoor Indoor DDeesisign gn CConondidititiononssIndoor Indoor DDeesisign gn CConondidititiononss

•• InIndodoor or aiair r uaualilitt : : fofor r hehealalth th & & wewellll-b-beieinn
•• Air contaminantsAir contaminants

.. .  .  ,  ,  ,  ,  ,,
•• Outdoor ventilation rate providedOutdoor ventilation rate provided

•• ASHRAE Standard 62-2007ASHRAE Standard 62-2007

•• Air cleanliness (e.g. for processing), air movementAir cleanliness (e.g. for processing), air movement

•• Other design parameters:Other design parameters:

  

•• oouun  n  eevve  e  nnoo sse  e  ccrr eerr aa
•• Pressure differential between the space &Pressure differential between the space &

surroundings (e g +ve to prevent infiltration)surroundings (e g +ve to prevent infiltration)



surroundings (e.g. +ve to prevent infiltration)surroundings (e.g. +ve to prevent infiltration)
  

(NC = noise critera; RC = room criteria)(NC = noise critera; RC = room criteria)

* Remark: buildings in HK often have higher NC, say add 5-10 dB (more noisy).* Remark: buildings in HK often have higher NC, say add 5-10 dB (more noisy).



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  

CCooooliling Lng Loaoad Cd Comompoponenentntss

••
•• 1. Heat gain through exterior walls 1. Heat gain through exterior walls and roofsand roofs

•• 2. Solar heat gain through fenestrations (windows)2. Solar heat gain through fenestrations (windows)

•• ..

•• 4. Heat gain through partitions & 4. Heat gain through partitions & interior doorsinterior doors

•• InternalInternal

..

•• 2. Electric lights2. Electric lights

•• 3 Equipment and appliances3 Equipment and appliances



3. Equipment and appliances3. Equipment and appliances
  

CCooooliling Lng Loaoad Cd Comompoponenentntss

••

•• Air leakage and moisture migration, e.g.Air leakage and moisture migration, e.g.

flow of outdoor air into a building throughflow of outdoor air into a building through
, , ,,

of exterior doors for entranceof exterior doors for entrance

•• System (HVAC)System (HVAC)

  

•• Outdoor ventilation air Outdoor ventilation air 

   ,,

reheat fan & pump energy energy recoveryreheat fan & pump energy energy recovery



reheat, fan & pump energy, energy recoveryreheat, fan & pump energy, energy recovery



  

CCooooliling Lng Loaoad Cd Comompoponenentntss

••   

•• Sensible cooling load + Latent cooling loadSensible cooling load + Latent cooling load

  

•• == ΣΣ(sensible items) +(sensible items) + ΣΣ(latent items)(latent items)

•• c c ccoommppoonneenntts s aavve e aatteennt t ooaa s s cc

oonnl l hhaavve e sseennssiibblle e llooaadd? ? WWhh ??

•• Three major parts for load calculationThree major parts for load calculation

•• External cooling loadExternal cooling load

  

•• Ventilation and infiltration airVentilation and infiltration air



•• Ventilation and infiltration air Ventilation and infiltration air 
  



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  

CCooooliling Lng Loaoad Cd Comompoponenentntss

••   

•• Example: CLTD/SCL/CLF methodExample: CLTD/SCL/CLF method

•• It is a one-step, simple calculation procedure developedIt is a one-step, simple calculation procedure developed
 by  by ASHRAEASHRAE

•• CLTD = cooling load temperature differenceCLTD = cooling load temperature difference

•• SCSCL L = s= sololar ar cocoololin in loloadad

•• CLF = cooling load factor CLF = cooling load factor 

  
•• Tables for CLTD, SCL and CLFTables for CLTD, SCL and CLF



  

CCooooliling Lng Loaoad Cd Comompoponenentntss

••

•• Roofs, walls, and glass conductionRoofs, walls, and glass conduction

•• qq == U U  (CLTD)(CLTD) U U = U-value;= U-value; A A = area= area

•• SSoollaar r llooaad d tthhrroouu h h llaassss

•• qq == A A (SC) (SC) (SCL) (SCL) SC SC = = shading shading coefficientcoefficient
••   

•• Partitions, ceilings, floorsPartitions, ceilings, floors

  

•• qq == U U  ((t t adjacentadjacent -- t t insideinside))



  

CCooooliling Lng Loaoad Cd Comompoponenentntss

••

•• PeoplePeople

•• qqsensiblesensible == N  N (Sensible heat gain) (CLF)(Sensible heat gain) (CLF)

•• qqlatentlatent == N  N (Latent heat gain)(Latent heat gain)

  

•• LightsLights
   ulul    sasa

•• FFulul = lighting use factor; F= lighting use factor; Fsasa = special allowance factor = special allowance factor 

••  pp pp ancesances

•• qqsensiblesensible == qqiinn uutt x usage factors (CLF)x usage factors (CLF)

•• qqlatentlatent == qqinputinput x load factor (CLF)x load factor (CLF)



•• qqlatentlatent == qqinputinput x load factor (CLF)x load factor (CLF)
  

CCooooliling Lng Loaoad Cd Comompoponenentntss

••   

•• qqsensiblesensible = 1.23= 1.23 QQ ((t t outsideoutside -- t t insideinside))

•• qqlatentlatent = 3010= 3010 QQ ((wwoutsideoutside -- wwinsideinside))

•• == --totatota    .. oouuttss ee nnss ee

•• System heat gainSystem heat gain
•• Fan heat gainFan heat gain

  

•• Ceiling return air plenumCeiling return air plenum



  

  



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  

CCooooliling ng LoLoaad d PPririncncipipleless

••

•• SpaceSpace – – a volume w/o a partition, or a partitioneda volume w/o a partition, or a partitioned

  

roroomom, o, or gr groroup up o o roroomomss
•• RoomRoom – – an enclosed san enclosed s ace ace a sina sin le loadle load

•• ZoneZone – – a space, or several rooms, or units of spacea space, or several rooms, or units of space
vv

operating characteristicsoperating characteristics

•• Thermal zoningThermal zoning



  

CCooooliling ng LoLoaad d PPririncncipipleless

•• DefinitionsDefinitions
•• Space heat gainSpace heat gain: instantaneous rate of heat gain: instantaneous rate of heat gain

  

•• Space cooling loadSpace cooling load: the rate at which heat : the rate at which heat must bemust be

  

rreemmoovve e rroom m e e ssppaacce o e o mmaa nn aa n n a a ccoonnss aann

space air temperaturespace air temperature
•• Space heat extraction rateSpace heat extraction rate: the actual rate of heat: the actual rate of heat

removal when the space air temp. may swingremoval when the space air temp. may swing

  

•• Cooling coil loadCooling coil load: the rate at which energy is: the rate at which energy is
rreemmoovveed d aat t a a ccoooolliin n ccooiil l sseerrvviin n tthhe e ss aaccee



  

Conversion of heat gain into cooling loadConversion of heat gain into cooling load



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  

CCooooliling ng LoLoaad d PPririncncipipleless

•• IInnssttaannttaanneeoouus s hheeaat t aaiin n vvs s ss aacce e ccoooolliin n llooaaddss
•• They are NOT the sameThey are NOT the same

•• eecct t o o eeaat t ssttoorraaggee
••  Ni Ni ht shutdown ht shutdown erioderiod

•• HVAC is switched off. What happens to the space?HVAC is switched off. What happens to the space?
•• -- --  

•• When HVAC system begins to operateWhen HVAC system begins to operate

  

•• Conditioning periodConditioning period

S i t t ithi th li itS i t t ithi th li it



•• Space air temperature within the limitsSpace air temperature within the limits
  

  



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  

CCooooliling ng LoLoaad d PPririncncipipleless

•• SS aacce e llooaad d aannd d ee uuii mmeennt t llooaadd
•• Space heat gain (sensible, latent, total)Space heat gain (sensible, latent, total)

••  pace coo pace coo ng ng eaea ng ng oaoa a  a  uu nngg
•• Space heat extraction rateSpace heat extraction rate

  

•• Cooling / heating coil load [Cooling / heating coil load [at air-side systemat air-side system]]••   

  

•• Instantaneous heat gainInstantaneous heat gain

•• Convective heatConvective heat

••   



  

C ti d di ti h t i diti dC ti d di ti h t i diti d



Convective and radiative heat in a conditioned spaceConvective and radiative heat in a conditioned space
(Source: Wang, S. K., 2001.(Source: Wang, S. K., 2001. Handbook of Air Conditioning and Refrigeration Handbook of Air Conditioning and Refrigeration, 2nd ed.), 2nd ed.)

  



(Source: Wang, S. K., 2001.(Source: Wang, S. K., 2001. Handbook of Air Conditioning and Refrigeration Handbook of Air Conditioning and Refrigeration, 2nd ed.), 2nd ed.)
  



(Source: Wang, S. K., 2001.(Source: Wang, S. K., 2001. Handbook of Air Conditioning and Refrigeration Handbook of Air Conditioning and Refrigeration, 2nd ed.), 2nd ed.)
  



(Source: Wang, S. K., 2001.(Source: Wang, S. K., 2001. Handbook of Air Conditioning and Refrigeration Handbook of Air Conditioning and Refrigeration, 2nd ed.), 2nd ed.)
  



(Source: Wang, S. K., 2001.(Source: Wang, S. K., 2001. Handbook of Air Conditioning and Refrigeration Handbook of Air Conditioning and Refrigeration, 2nd ed.), 2nd ed.)
  

CCooooliling ng LoLoaad d PPririncncipipleless

••   

•• Shows the variation of space cooling loadShows the variation of space cooling load

•• Such as 24-hr cycleSuch as 24-hr cycle

••   

•• What factors will affect load profiles?What factors will affect load profiles?

•• Peak load and block loadPeak load and block load

   ..

•• Block load = sum of zone loads at a specific timeBlock load = sum of zone loads at a specific time



  

Cooling load profilesCooling load profiles

ootta a ccoooo nng g ooaa



(Source: D.G. Stephenson, 1968)(Source: D.G. Stephenson, 1968)
  

 North North

SouthSouth



Block load and thermal zoningBlock load and thermal zoning
  

Cooling loads due to Cooling loads due to windows at different orientationswindows at different orientations



(Source: D.G. Stephenson, 1968)(Source: D.G. Stephenson, 1968)
  

Profiles of solar heat gain (July) (for latitude 48 deg N)Profiles of solar heat gain (July) (for latitude 48 deg N)



(Source: Keith E. Elder)(Source: Keith E. Elder)
  

Solar cooling load vs. Solar cooling load vs. heat gain (Julyheat gain (July, west) (latitude 48 deg N), west) (latitude 48 deg N)



(Source: Keith E. Elder)(Source: Keith E. Elder)
  

CCooooliling ng LoLoaad d PPririncncipipleless

••   

•• Two paths:Two paths:

•• Moisture migrates in building envelopeMoisture migrates in building envelope

•• Air leakage (infiltration or exfiltration)Air leakage (infiltration or exfiltration)

•• If slight RH variation is acceptable, then storageIf slight RH variation is acceptable, then storage

•• Latent heat gain = latent cooling load (instantaneously)Latent heat gain = latent cooling load (instantaneously)

•• What happens if both temp. & RH What happens if both temp. & RH need to beneed to be



  

CCooooliling ng CCoioil Ll Loaoadd

••   

•• Space cooling load (sensible & latent)Space cooling load (sensible & latent)

•• Supply system heat gain (fan + air duct)Supply system heat gain (fan + air duct)

••   

•• Load due to outdoor ventilation rates (orLoad due to outdoor ventilation rates (or
vveenntt aatt oon n ooaa

••   
conditioning cycle on a psychrometric chart?conditioning cycle on a psychrometric chart?



•• See also notes in PsychrometricsSee also notes in Psychrometrics
  

TTypical summer ypical summer air conditioning air conditioning cyclecycle

Cooling coil loadCooling coil load
eenntt aatt oon n  ooaa

Return system heat gainReturn system heat gain

Space cooling loadSpace cooling load

  



(Source: Wang, S. K., 2001.(Source: Wang, S. K., 2001. Handbook of Air Conditioning and Refrigeration Handbook of Air Conditioning and Refrigeration, 2nd ed.), 2nd ed.)
  

CCooooliling ng CCoioil Ll Loaoadd

••
(kW)(kW)loadloadSensibleSensible

(L/s)(L/s)airflowairflowSupplySupply   

  

•• To determine supply air flow rate & size of airTo determine supply air flow rate & size of air

sysyststeem, m, ucuctsts, , tetermrm nana s, s, uusesersrs

•• IIt t iis s a a ccoomm oonneennt t oof f ccoooolliin n ccooiil l llooaadd

•• Infiltration heat gain is an instant. Infiltration heat gain is an instant. cooling loadcooling load

•• Cooling coil loadCooling coil load

••   

  

refrigeration systemrefrigeration system



•• RReemmeemm eerr,  ,  vveenntt aatt oon n  ooa a  s  s  a  a  cco o  ooaa
  

HHeeaattiinng g LLooaadd

••   

•• Max. heat energy required to maintain winterMax. heat energy required to maintain winter

nn oooor r eess ggn n tteemmpp..
•• Usually occurs before sunrise on the coldest daysUsually occurs before sunrise on the coldest days

•• Include transmission losses & infiltration/ventilationInclude transmission losses & infiltration/ventilation

•• All heating losses are instantaneous heating loadsAll heating losses are instantaneous heating loads

•• Credit fCredit for solaor solar & inter & internal hernal heat gaiat gains is notns is not includeincludedd

•• Latent heat often not considered (unless w/ Latent heat often not considered (unless w/ humidifier)humidifier)



•• Thermal storage effect of building structure is ignoredThermal storage effect of building structure is ignored
  

HHeeaattiinng g LLooaadd

•• --  

conditions based onconditions based on

•• Design interior and exterior conditionsDesign interior and exterior conditions

••   

••  No solar ef No solar effect (at night or on cloudy winter days)fect (at night or on cloudy winter days)

•• Before the presence of people, light, andBefore the presence of people, light, and

aa lliiaannccees s hhaas s aan n ooffffsseettttiin n eeffffeecctt
•• Also, a warm-up/safety allowance of 20-25%Also, a warm-up/safety allowance of 20-25%



s s aa rr y y ccoommmmoonn
  



(Source: ASHR(Source: ASHRAE Handbook AE Handbook Fundamentals 2005)Fundamentals 2005)
  

SSofoftwtwaare Appre Applilicacatitiononss

••   

•• TRACE 600/700 and Carrier E20-IITRACE 600/700 and Carrier E20-II

•• Commercial programs from Trane and Carrier Commercial programs from Trane and Carrier 

•• Most widely used by engineersMost widely used by engineers

•• DOE-2 (used more for research)DOE-2 (used more for research)
  



  

SSofoftwtwaare Appre Applilicacatitiononss

••   

•• TRACE 700TRACE 700

•• TRACE = Trane TRACE = Trane Air Air Conditioning EconomicsConditioning Economics

  

•• Demon version can be downloadedDemon version can be downloaded
••  p: p: wwwwww.. rane.comrane.com commerccommerc aa
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