
Energy Calculations 

MEBS6006 Environmental Services I 
http://www.hku.hk/bse/MEBS6006/ 

Oct 2011 

Dr. Benjamin P.L. Ho 
Department of Mechanical Engineering 
The University of Hong Kong 
E-mail: benjamin.ho@hku.hk 



Contents 

• Objectives between load calculation vs energy 
calculation 

• Calculation Methodology 
• TFM/ CLTD/SCL/CLF/TETD/TA/HBM/RTSM 

• Energy Calculation Methods 
• Building Energy Simulation 

2 



Energy flow and concept in buildings 3 



Objectives 

• From load estimation to energy calculations 
• Only determine peak design loads is NOT enough 
• Need to evaluate HVAC and building energy consumption 

• To support design decisions (e.g. evaluate design options) 
• To enhance system design and operation 
• To compile with building energy code 

• Energy calculations 
• More complicated than design load estimation 
• Form the basis of building energy and economic analysis 
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Objectives 

• Load estimation and energy calculations 
• They are based on the same principles 
• But with different purposes & approaches 

• Design (peak) load estimation 
• Focus on maximum load or worst conditions 
• For a particular hour or period (e.g. peak summer) 
• For equipment sizing 

• Energy calculations 
• Focus on average or typical conditions 
• On whole year (annual) performance or multiple years 

energy consumption 
• May involve analysis of energy costs & life cycle costs 

5 



Objectives 
• Tasks at different building design stages 

• Conceptual design stage: 
• Rules of thumb + loading check figures (rough estimation) 

• Outline/Scheme design: 
• Load estimation (approximation) 
• Design evaluations (e.g. using simplified tools/models) 

• Detailed design: 
• Load calculations (complete) 
• Energy calculations + building energy simulation 
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Calculation Methodology 

• Basic considerations 
• 1. Peak load calculations 

• Evaluate maximum load to size/select equipment 
• 2. Energy analysis 

• Calculate energy use and compare design options 
• 3. Space cooling load  Q = V ρ cp (tr – ts) 

• To calculate supply air volume flow rate (V) and size 
the air system, ducts, terminals 

• 4. Cooling coil’s load 
• To size cooling coil and refrigeration system 
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Calculation Methodology 

• Basic considerations (cont’d) 
• Assumptions: 

• Heat transfer equations are linear (even for radiant heat) 
within a time interval (superposition principle holds) 

• Total load = sum of individual ones 

• Convective heat, latent heat & sensible heat gains from 
infiltration are all converted to cooling load 
instantaneously 

• Main difference in various methods  
• How to convert space radiative heat gains into space 

cooling loads 8 



Conversion of heat gain into cooling load 

(Source: ASHRAE Handbook Fundamentals 2005) 
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Load 



Cooling Load Principle 
(pg.40 of last lecture notes) 

• Definitions 
• Space heat gain: instantaneous rate of heat gain that 

enters into or is generated within a space 
• Space cooling load: the rate at which heat must be 

removed from the space to maintain a constant 
space air temperature 

• Space heat extraction rate: the actual rate of heat 
removal when the space air temperature may swing 

• Cooling coil load: the rate at which energy is 
removed at a cooling coil serving the space 
- space heat + external load 
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Thermal Load Heat Gains/Losses 

Heat Storage 

(Source: ASHRAE Handbook Fundamentals 2005) 
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Wall conduction process 

Possible ways to model this 
process: 
1. Numerical finite difference 
2. Numerical finite element 
3. Transform methods 
4. Time series methods 

(Source: ASHRAE Handbook Fundamentals 2005) 

qko = convective flux into the wall, W/m2 

qki = convective flux from the wall, W/m2 

Tso = wall surface temperature outside, ºC 
Tsi = wall surface temperature outside, ºC 
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A basic example of modelling heat transfer through an external wall 

Note that qko is not equal to qki ! 
Affected by the thermal capacity and 
the transmittance of the wall 



Calculation Methodology 
• Common methods: 

• Total Equivalent Temperature Differential /  
Time Averaging (TETD/TA) method 

• Transfer Function Method (TFM) 
• Cooling Load Temperature Difference / Solar Cooling Load Factors / 

Internal Cooling Load Factor (CLTD/SCL/CLF) method 

• Present methods: 
• Heat Balance Method (HBM)  
• Radiant Time Series Method (RTSM) 

• Other methods: 
• Finite Difference / Finite Element Method (FDM/FEM) 
• CIBSE method 
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Calculation Methodology 
• TETD/TA method 

• 1967 ASHRAE Fundamentals 
• Heat gains calculated from Fourier series solution of 1-dimensional 

transient heat conduction 
• Average heat gains to current and successive hours according to 

thermal mass & experience 

• Transfer Function Method (TFM) 
• 1972 ASHRAE Fundamentals 
• Laplace transform and z-transform of time series 

• CLTD/CLF method 
• 1977 ASHRAE Fundamentals 
• A one-step simplification of TFM 
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(Source: ASHRAE Handbook Fundamentals 2005) 

Basic concepts of TFM, CLTD/CLF and TETD/TA methods 
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(Source: ASHRAE Handbook Fundamentals 2005) 
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Transfer Function Method 
• Transfer Function Method (TFM) 

• Most commonly adopted for energy calculations 
• Three components: 

• Conduction Transfer Function (CTF) 
• Room Transfer Function (RTF) 
• Space Air Transfer Function (SATF) 

• Implemented numerically using weighting factors 
• Transfer function coefficients, to weight the importance 

of current & historical values of heat gain & cooling 
load on currently calculated loads 
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Transfer function (K) 

Y = Laplace transform of the output 
G = Laplace transform of the input or driving force 

v0, v1, v2, … & w1, w2, … are weighting factors for the calculations 

Input Output Transfer 
Function 

When a continuous function f(t) is represented at regular intervals 
Δt and its magnitude are f(0), f(Δ), f(2Δ),…, f(nΔ), the Laplace 
transform is given by a polynomial called “z-transform”: 
    φ(z) = f(0) + f(Δ) z-1 + f(2Δ) z-2 +…+ f(nΔ) z-n 

 where Δ = time interval, hour 
            z = etΔ 

Polynominals of z-transform 
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(Source: ASHRAE Handbook Fundamentals 2005) 

Three components of transfer function method (TFM) 
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Transfer Function Method 
• Sol-air temperature (te) 

• A fictitious outdoor air temperature that gives the 
rate of heat entering the outer surface of walls and 
roofs due to the combined effect of incident solar 
radiation, radiative heat exchange with the sky 
vault and surroundings, and convective heat 
exchange with the outdoor air 

Outdoor air temperature Surface absorptance Surface emittance 20 



Heat balance at a sunlit surface, heat flux is equal to: 

RtthE
A
q

soot ∆⋅−−+⋅= εα )(

Assume the heat flux can be expressed in terms of sol-air temp. (te)  

Thus, sol-air temperature is given by: 
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Transfer Function Method 
• Use of Conduction Transfer Function (CTF) 
• External walls and roofs: 

 
 

qe,t = heat gain through wall or roof, at hour t 
A = indoor surface area of wall or roof 
t = time 
𝛿 = time interval 
n = summation index 
tsol,t-n𝛿 = sol-air temperature at time sol,t-n𝛿  
Tr = constant indoor room temperature 
bn, cn, dn = conduction transfer function (CTF) coefficients 

Sol-air temperature 
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Transfer Function Method 

• Ceiling, floors & partition wall: 

aj = adjacent space 
r = room 
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Transfer Function Method 
• Window glass 

• Solar heat gain: 
• Shading Coefficient (SC) 
• Solar Heat Gain Factor (SHGF) 

 
 

• Conduction heat gain:   U-value 

Sunlit Shaded 

Sunlit Shaded 
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Transfer Function Method 

• Internal heat gains 
• People (sensible + latent) 
• Lights 
• Machine & appliances 

• Infiltration (uncontrolled, via cracks/opening) 
• If positive pressure is maintained in conditioned 

space, infiltration is normally assumed zero 
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Transfer Function Method 
• Convert heat gain into cooling load 

• Use of Room Transfer Function (RTF) 
• Depends on heat gain and heat storage 

 
 
• Space sensible cooling load (from convective): 

 
 

• Space latent cooling load: 

v0, v1, v2, … & w1, w2, … are weighting factors 
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Transfer Function Method 
• Convert heat gain into cooling load (cont’d) 

• Use of Space Air Transfer Function 
• Heat extraction rate & space air temperature 

 
 
 

• Cooling coil load (sensible & latent) 
• Air mixture & air leaving the cooling coil 
• Ventilation load 

Prefer to Table 10 – Chapter 28 ASHRAE Fundamentals 1997 
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CLTD/SCL/CLF Procedure 
• Same general procedures outlined for TFM relative to data 

apply 
• Basic heat gain concepts of solar radiation, total heat gain 

through exterior walls and roofs, heat gain through interior 
surfaces, heat gain through infiltration and ventilations are 
handled identically 

• One step hand calculation procedure 
• Used to approximate the cooling load corresponding to 

• Conductive heat gain through surfaces like walls, roofs, windows 
• Solar heat gain through fenestrations 
• Internal heat gain from lights, people, equipment 
• Infiltration and ventilation 

Prefer to Table 29 – Chapter 28 ASHRAE Fundamentals 1997 
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Calculation Methodology 
• Recent methods: 

• Heat balance (HB) method 
• The rigorous approach (mainly for research use) 
• Requires solving of partial differential equations and often involves 

iteration 

• Radiant time series (RTS) method 
• A simplified method derived from HB procedure 

• Differences from previous TFM 
• Periodic response factors and radiant time factors have 

clear physical meanings 
• Allow users to visually see the effects of damping and time 

delay on conduction heat gains 
30 



Calculation Methodology 
• Heat Balance (HB) Method 

• Use heat balance equations to calculate: 
• Surface-by-surface conductive, convective & radiative 

heat balance for each room surface 
• Convective heat balance for the room air 

• Calculation process 
• Find the inside surface temperatures of building 

structures due to heat balance 
• Calculate the sum of heat transfer from these surfaces 

and from internal loads 
Refer to Ch.18 – ASHRAE Fundamentals 2009 
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(Source: ASHRAE Handbook Fundamentals 2005) 
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Heat 
balance 
process 

in a 
zone 

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

Basic concepts of heat balance and radiant time series methods 
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Calculation Methodology 
• Radiant time series (RTS) method 

• A simplified method directly related to and 
derived from the HB calculation procedure 

• Does not require iterative calculations 
• Can quantify each component contribution to the 

total cooling load 
• Assumes the design-day cooling load for a single 

day with previous days having the same condition 
•  Suitable for peak design load calculations, but 

not for annual energy simulations 
35 



(Source: Load Calculation Applications Manual, ASHRAE,  2009) 
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RTS Method for a Single Zone 



RTS Method 
• Conductive Heat Gain through external walls and roof 

(using Conduction Time Series Factor) 

37 



38 



• Fenestration Heat Gain 
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(Ref: Load Calculations Applications Manual, ASHRAE, 2008) 
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• Splitting Heat Gains into Radiative and Convective 
Components 
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(Ref: Ch.18 – ASHRAE Fundamentals 2009) 



• Conversion of Radiant Heat Gains into Cooling Loads 

42 (Ref: Load Calculations Applications Manual, ASHRAE, 2008) 

Solar RTS = transmitted solar radiation 
Non-solar RTS = radiation from internal 
gains and building envelope 



Energy Calculation Methods 

• Two categories 
• Steady-state methods 

• Degree-day method 
• Variable base degree-day method 
• Bin and modified bin methods 

• Dynamic methods 
• Using computer-based building energy simulation 
• Try to capture dynamic response of the building 
• Can be developed based on transfer function, heat 

balance or other methods 
43 



Energy Calculation Methods 

• Degree-day method 
• A degree-day is the sum of the number of degrees 

that the average daily temperature (technically the 
average of the daily maximum and minimum) is 
above (for cooling) or below (for heating) a base 
temperature times the duration in days 

• Heating degree-days (HDD) 
• Cooling degree-days (CDD) 

• Summed over a period or a year for indicating 
climate severity (effect of outdoor air on a 
building) 
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Heating degree-day: 

Cooling degree-day: 

tbal = base temperature (or balance point temperature) 
         (e.g. 18.3 oC or 65 oF); Qload = Qgain + Qloss = 0 
to = outdoor temperature (e.g. average daily max./min.) 
 
* Degree-hours if summing over 24-hourly intervals 
        Degree-day = Σ(degree-hours)+ / 24 

+ Only take the positive values 
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To determine the heating degree-day: 
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To determine the heating degree-day (cont’d): 
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Correlation between energy consumption and degree days 
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Energy Calculation Methods 

• Variable base degree-day (VBDD) method 
• Degree-day with variable reference temperatures 

• To account for different building conditions and 
variation between daytime and nighttime 

• First calculate the balance point temperature of a 
building and then the heating and cooling degree hours 
at that base temperature 

• Require tedious calculations and detailed processing of 
hourly weather data at a complexity similar to hourly 
simulations. Therefore, does not seem warranted 
nowadays (why not just go for hourly simulation) 

49 



Energy Calculation Methods 

• Bin and modified bin methods 
• Evolve from VBDD method 
• Derive building annual heating/cooling loads by 

calculating its loads for a set of temperature “bins” 
• Multiplying the calculated loads by nos. of hours 

represented by each bin (e.g. 18-20, 20-22, 22-24 oC) 
• Totaling the sums to obtain the loads (cooling/heating 

energy) 
• Original bin method: not account of solar/wind effects 
• Modified bin method: account for solar/wind effects 
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Energy Calculation Methods 

• Dynamic simulation methods 
• Usually hour-by-hour, for 8,760 hours (24 x 365) 
• Energy calculation sequence:  

• Space or building load [LOAD] 
• Secondary equipment load (airside system) [SYSTEMS] 
• Primary equipment energy requirement (e.g. chiller) 

[PLANT] 
• Computer software 

• Building energy simulation programs, e.g. Energy-10, 
DOE-2, TRACE 700, Carrier HAP 
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Building 
description 

Simulation 
outputs 

Simulation tool 
(computer program) 

Weather 
data 

- physical data 
- design parameters 

- energy consumption (MWh) 
- energy demands (kW) 
- environmental conditions 
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Building Energy Simulation 

• Building energy simulation 
• Analysis of energy performance of building using 

computer modelling and simulation techniques 
• Many issues can be studied, such as: 

• Thermal performance (e.g. bldg. fabric, glazing) 
• Comfort and indoor environment 
• Ventilation and infiltration 
• Daylighting and overshadowing 
• Energy consumption of building systems 
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Building Energy Simulation 

• Four major elements 
• Building model 
• HVAC system model 
• HVAC plant model 
• Control system model 

• An economic model may be added for life 
cycle costing 
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Major elements of building energy simulation 
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(Source: ASHRAE Handbook Fundamentals 2005) 
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“Seven 
steps” 
of 
simulation 
output 

(1) (2) 

(3) (4) 

(5) 

(6) (7) 57 



Building Energy Simulation 

• Examples of building energy simulation tools 
• Simplified 

• Energy-10, ENER-WIN, Solar-5, Energy Scheming 
• Detailed 

• DOE-2, BLAST, ESP-r, TRNSYS, EnergyPlus 
• Commercial (proprietary) 

• Carrier HAP, TRACE 700 
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E - 10NERGY

TRNSYS 

TRACE 700 

DOE-2 

E-20-II & HAP 

ESP-r 

Building Energy 
Simulation Software 

Solar-5 
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Building Energy Simulation 

• Software examples: 
• Energy-10 

• http://www.nrel.gov/buildings/energy10.html 
• http://www.energy-10.com/ 

• DOE-2 (VisualDOE 4.1) 
• http://gundog.lbl.gov/dirsoft/d2whatis.html 
• http://www.archenergy.com/products/visualdoe/ 
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Building Energy Simulation 

• Energy software example: 
• Energy-10 

• A software tool that helps architects and engineers 
quickly identify the most cost-effective, energy-saving 
measures to take in designing a low-energy building 

• Suitable for small commercial and residential buildings 
that are characterized by one, or two thermal zones (less 
than 10,000 ft2 or 1,000 m2) 

• http://www.nrel.gov/buildings/energy10.html 
• http://www.energy-10.com/ 
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ENERGY-10 focuses on the first phases (conceptual design) 

Develop Brief 

Pre-design 

Schematic Design         

Design Development 

Construction Documents 

Develop reference case 
Develop low-energy case 
Rank order strategies 
Initial strategy selection 
Set performance goals 

Review goals 
Review strategies 
Set criteria, priorities 

Develop schemes 
Evaluate schemes 
Select scheme 

Confirm that 
 component performances  
are as assumed 

Phase 
Activity 

Tool 

ENERGY-10 

Preliminary team 
meetings 

ENERGY-10 

EnergyPlus 
or other  
HVAC simulation 
and tools 

ENERGY-10 Design Tool 

ENERGY-10 
Example: Energy-10 
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ENERGY-10 Design Tool 

ENERGY-10 
Example: Energy-10 

• Creates two building descriptions based on five inputs and 
user-defined defaults. 

Reference Case Low Energy Case 
 
R-8.9 walls (4" steel stud) R-19.6 Walls (6" steel stud with 2" foam) 
R-19 roof R-38 roof 
No perimeter insulation R-10 perimeter insulation 
Conventional double windows Best low-e double windows 
Conventional lighting Efficient lights with daylight dimming 
Conventional HVAC High efficiency HVAC 
Conventional air-tightness Leakage reduced 75%  
Uniform window orientation Passive solar orientation 
Conventional HVAC controls Improved HVAC controls 
Conventional duct placement  Ducts located inside, tightened 

•Location 
•Building Use 
•Floor area 
•Number of stories 
•HVAC system 

For  example: 

Gets you 
started 
quickly. 

apply 
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ENERGY-10 Design Tool 

ENERGY-10 
Example: Energy-10 

0 

20 

40 

60 

80 

100 

kW
h 

/ m
² 

Heating Cooling Lights Other Total 

ANNUAL ENERGY USE 

Reference Case 

Low-Energy Case 

2,000 m2 office building 

47.3 

1.5 
6.7 

4.1 

15.1 

6.9 

27.4 
22.7 

96.5 

35.1 
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ENERGY-10 Design Tool 

ENERGY-10 
Example: Energy-10 

-100 -50 0 50 100 150

Passive Solar Heating
Thermal Mass

Economizer Cycle
High Efficiency HVAC

Daylighting
Shading

Air Leakage Control
HVAC Controls

Energy Efficient Lights
Insulation

Glazing
Duct Leakage

Net Present Value,  1000 $

RANKING OF ENERGY-EFFICIENT STRATEGIES

  115.04
  72.49

  57.33
  56.56

  48.43
  45.92
  45.24

  38.84
  37.82

  -4.02
  -6.23

  -57.14
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ENERGY-10 Design Tool 

ENERGY-10 
Example: Energy-10 
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Example: VisualDOE DOE-2 
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Example: VisualDOE DOE-2 
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Example: VisualDOE DOE-2 
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Example: VisualDOE DOE-2 

70 



Example: VisualDOE DOE-2 
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Example: VisualDOE DOE-2 
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u( = cUnvectiVehour︳ ysensibIeheatgain(currenthour)

fUrβ l。 ade︳ emelItShavjngno radial1tco︳nponeiIt

σta′tη ′=(〞′.l+〞t,2+σ′,β )

〃′a攷”′ = latentcoU∥ ngload

〃/=houHy㏑telItheatg皕 nrcurrenthourlfUrβ Ioad

e︳ enlents

“｝‘〃∫”〞=’v× Sensibleheatgain                        Ltlrε
9lr

〞〞〃p〢 =Ⅳ ×Latentheatgain

9V = nurnberUfpeopIein sp仜 Ce,fro1nbestava∥ ablesource

SensibIeandIatenthe,tgainfrom occuPancy— —TabIe3,

orChapter8;ad(ustamequi帊 d



28.18 1997ASHRAEFundamentaIsHandbUUk(SI)

Tab︳ e1U SunⅢnaryofTFMLoadCaIcu︳ a“onPrUcedureS

Externa】 HeatGa:n

r‘ =rp+a′′/1,p￣ εΔ彳/rlp

′
t“ =r‘)tt+a/Ilp(′ J)t/24)-εΔR/1,

1.91ε,‘

4 =
t彴 =

so︳ -air teInperature

currenthourdry-buIbteInperature,Fromdesigndb
(Chapter26)adlustedbyTab｜ e2dallyrange%v㏕ ues

absorptanceofsurΓ acefUrSoIarradiatiUn

surfacecolorΓ actor=()U26forIightco︳ orS,UU52fUrdark

totaIincident so㏑ rload=l15(SHGF),wi〔 hSHGFper
Chapter29,Tab︳ es l∫ thrUugh21

︳ong-、vaveradiationfactUr= -39° CforhorizontalSur-
faces,U° CfUrveltical

= 24-hnveragesol-air te】nperature

= 24-haveragedry-bulbteInperature

= t° t.nlda∥ ysolarheatgain(Chap〔 er29,TabIesl5
through2I)

Rr,u/卜 ‘t,lt lltl〃 ,

uζΘ=A:,｝｝tη (4.Θ ηθ一居1畇
,〔

(uζθ”p/A〕 右‘-屆
)〣

φ8)

Ⅵ)●lε rε

●,and‘  ́= conduCtion transfercoefFlcients＿ rooiTab︳ el耴
、
va︳ ︳,

Tab︳ e｜ 8

candt乃 ‘r乃 t = cUnduction transfercUeff)cjentS— —roof,Table ︳4;w.n∥
,

TabIeI9

乙
4〔”祕 =de薱 gnhe.nt tranSfercoemdentfUrlUoΓ orw㏕｜,flom

ChaPter24,TabIe4

AdJust t nnd‘ coemdentsbyradoσ “侞́ σ“”〞

Ra,r,

IdelIjㄅ la滓 lsUfrUofconstrucⅡ on仃omT山｜ellWihRvaltleoΓ
domllIant㏑ yer,idenⅡ ㄅ Rva｜ ueRangenumbelRandRoofGrUuPnum-
berflomTableI2 ProceedtoTable I3

”a〃 ,

IdelIⅡㄉ layeis。 fw㏕ lconstrtlc● onΓromT山 lellWithR＿ v㏕ ueof
dominant㏑yer,idenuㄅ R＿ v㏕ ueRangenuInbelandWa∥ GrUupnuInber
ΓroIIITabIe I5, ｜6,or l7 PrUceedtUTab!e I4

Θ = hourforwhichcalculation isInade

δ = tiIneinterVaI〈 lh)

.l = nuInberofhoursfUr、 vhich and valuesareSigniflcant

θ = e︳ eInentunder.n.nlysis,roo「 or、vaⅡ assembly

λ = are.nofeIe!nentunderanalysis

Grf.,∫

Convecdve〞 =〔淞(●,-ri)

Solar〞 =A(SC× SHGF)
σ = des㎏ nheat trans杺 rcoefflcients,g㏑ ss＿＿Chapter29

SC = shadingcoefFlcient＿
—Chapter29

SHGF = soIarhe舡 gainΓactorbyorientation,no1h︳ atitude,hour,

andIlnUnth— —Chapter29,Tab︳ es】 5to21

Ptt′ r9ri〞〃,,εθ〃iI咪 ∫,厂/pU邶

rr=乙㏑ (t.-′i)              (8)

rl =temper“ ureinat(lacent sPace

′′ = insidedesigntelnperatureinconditiUnedspace

InternaIHeatGa:n
P“,r,抸

〞︴rl1,〞 =Ⅳ(SensibleheⅢ g㏑ n)

〞tt〡 tζ〃′=N(L沚entheatgain)

9V = nulnberUfpeoP︳ein space,froIl〕 bestava∥ ab︳ esource
Sensib︳ eand︳ atentheatgainfroInoccupancy＿＿TabIe3,
UrChapter8;adJustasrequiled

σIl=〝ΥlIF,a (9)

= 
、
vatts inputΓ romelectricaIPlans。 rIightjngFlxturedata

= lightinguseξactor,from thefirst section,asappropriate

= specia︳ a∥ o、vancefactor,fromΠ rst section,asapprop

tr,,=PEF 〈I5),(16),(17)

P =PowerratingflomeIectrical plans or

1nanufacturer’ sdata

EF = efFlciencyfactorsandarrangements to sui｛

cIrcuInst.lnces

(6)

(7)
tlA,方●,

1.方召rε

〃

几′
F∫〃

PUlI.′ ′

,1方ε′θ

a

σ 〞
汋

′
′

eΔ R〃!p

tζ

r‘
,〃

′了)T

AP9’ lia刀 Ct9

、
vhere σ｝t.,,ll1,〞 =σ i〃Pli√σFR

u9m9紉‘=絎丱“′FI

(18)

〈19)

aIlV卅〞 = ratedenergyinputΓ roInappliances＿＿Tab︳ es∫ to9,or
nlanu伍 cturer’ Sd舡a(Setlaten〔 he舡 =U,ifapplianceis
underexhausthood)

Fσ,FR,Ft=usage伍 ctors,r.ndiaⅡ onhctors,andIoad伍 ctors

VentilationandInΠ ltrationAir

σ96桏●乃泛=123U(〞 ,-〞 )             (22)

〞仂〞η′=3UlUU(Vγp￣ 11.)            (23)

rr,p′
u′ =!2UU(Ilp-力 i)              (2U)

U =vel1tilationairnow＿ AsHRAE∫′a〞〞a〃r62:
inflkrationcfm— ＿ChaPter25

●,,′. = 。
utside,inside.nir teInperature,° C

毦,,Ⅵ6=Uuts㏕ e,inSide㏑ rhtlm㏕ lymjo,kg(w狂 er)/kg(da)

玊〞,,〃,=。 utslcle,in葑 demrenth㏕ py,U伙g(d〃 Ⅲ°

CooⅡ ngLoad
Sensib︳ eUθ =U〃 +@∫ (

U〞 =拄
l(汝

)〃Θ,.+vIuΘ ,.δ
+呁σΘ.,笳 + )

-(wlUΘ δ+w2UΘ 笳+ )

@,‘ =石 (σ←╯)

(28)

(3U)

U〃 =sensiblecoUIingloadfromhe缸 g砡 neIementshaving
conVectiveandradiantcomponents

vand｝ v = room tranSferfunctioncoefFlcients,Tables24and25;

seIectPereIement tyPe,circu︳ .ntion rate,rnaSS,and/Ur

Flxturetype

〞Θ = eachof● heatgaineIeInentShavjngaladiantcoInpo-

nent;SelectappropriateΓractionsfUr prUcesSing,per

Tab︳ es24,2J,and42

δ = tiIneinterva︳ (︳ h)

U比  =senSiblecUo︳ ingIoadflU:nhe鋃 g茄 neleInentshaving
on︳ yconvectiVecoInpoilents

σ‘ =eachofohe.ntgaine︳ emen〔 shavingUn!yconˇec● ve
component

Latent@=′暨I(c‘
,η )

〞‘ = eachof′ tlatentheatgaineIements
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TheCLTD/SCL/CLFmethUdisaUne一 step,handcalcu】 atiUn

prUceduIe,basedon thetmnsferflIncuUnmethUd(TFM)Itmaybe
usedtUapproximatethecUUling︳ UadcUrrespUndingtUtheΠ rst three

mUdesUfheatgajn(cUnductiveheatgain thrUughsurfacessuchaS

、
vindU、 vs, 

、
VaⅡ S,andfUUfs; sUlarheatgain throughfenestratiUns;

andinternalheatgainfroIm lights,peUpIe,andequipment)andthe

cUolinglUad frUlll inΠ ltratiUn and ventilatiUn TheacrUnymS are

deilnedasfo∥ o、vs:

CLTD一 CUo︳ ingLUadTemper舡 ureDifference

SCL—SUlarCUUIingLUad

CLF——CoUlingLUadFactUr

The●UllUwingsectiUnsgivedet皕 lsUfhUwtheCLTD/SCL/CLF
techniquerelates toanddiffersfronn theTFM ThesUurcesUfthe
spacecUUlingload.fUrmsUfequatiUns tUuSein thecalculatiUns,

apprUpriaterefercnces,tab︳ es,aresummariZedinTable29

ExternaICooIingLoad

Rr,‘,/9,19a〃∫,a〃′‘U刃 tlI6了 iθ〞 r力′〞lJgIlg′ a,,

〃=乙㏑(CLTD) (41)

σ =desigl1hea:tranSfercoefficientfbrroUforWa｜ IfloInChapter

24,TabIe4;orforglass,T.nb︳ e5,Chap〔er29

A = areaofroo「 waⅡ ,Urglass,c㏕ cu1.,tedflo】 nbuⅡ dingpIans

CLTD=coUlingIoadtemperaturedifference,roo∴ W㏕︳,Urg︳ ass

S()〞〞/r,a′ ′乃rr,Ⅱ g●,g9a9‘

σ=A(SC× SCL)                (43)

SC = shadingcoefFlcient:Chapter29

SCL = soIarcoolingIoadfactUrwithnUinterior shadeor、 vith

shade,TabIe36

C(,〞 〃ηg/〞a′ /′r,η !paㄏ rirlr,〞 v,cti′99lK,,/7〞 r,,.

〃=乙舛lrp￣ r,‘ )                   (8)

V = designheat tranSfercUefFlcientfor paπ ition,ceⅡ ing,orΠ oor,

fromChapter24,Table4

A = nreaUfpaΠ ition,ce∥ ing,or noor,c.nIcu〕 atedfroInbu∥ ding

p】 ans

坊 =tempe1.ntureinadJacent sPace

t/‘ = insidedesigntemperatufe(constnnt)inc。 nditionedspace

Interna︳ CooIngLoad
P“ ,,,1’ c
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SYNTHESISUFHEΛ TGΛINANDCUULINGLUΛ D
CUNVERSIUNPRUCEDURES

Exter︳ UrRUUfsandWaⅡs

This lllethodwaSdevelUpedbyusingtheTΓ ⅣItUcUmputeUne-
dimensiUnal transientheatΠ U、v through variUus sunlit rUofs and

、
va∥ s Heatgain、vascUnvertedtUcUoIingIUadusingthcrUom tranS-

ferfunctiUnSforrUUmS、 Vithlight,llledium.andheavythermaIchar一

acteristics. VariatiUns in the reSults due to such varying rUUm

cUnStructions and Uther inlIuencing parameterS diScussed in the

TFN● descriptiUnaresUlargethatUnIyUnesetUffactUrs is presented

herefUr ilIustration Allcalculationsfordatatabulated、 vercbaSed
Unthesol-air temPeratures inTable l The:nsideair temperature

wasassumedtUbecUnstantat25UC(cUU∥ ngsystem inUperaliUn24
h/day,sevendaysa、 vcek) ThemassUfbu∥ dingandcUntents、 vas
“lighttUmedium” FUrapp∥ catlUnUfCLTD/SCL/CLΓ tcchniques,

refertUMcQuistUnandSpitlcr(1992)

tJ,,=PEFcLF (15)(16〉 (17)(5U)

P = horsepo、 verratingfroIne!ectricalpIansUrIllanufactufer’ S

data

EF = efflciencyfactorsandarrangements to suitcircuInstaIlceS

CLF = cooIingloadfuctor,byI1ourofUccupancy,Table37

N(9硿 :CLF=lU、 vith24-hpo、 ver operationand/oriΓ coolingoff6t nightUr

during、veekends

Ar,r,/● ‘〃,(:ε ‘

σ、仰ll’t=ai,“ rl〃�(CLFl

“,11,.lr,l〞 =仂.lp..FL(cLF)

〞l”,trt = ratedenergyinpu〔 ΓrUmappliances— —Tab｜es∫ through9,or
tnanufacturer’ sdata

Ftl,F〞 Ft=usagemctors,radi渱 i° nhCtors,and】 oadfactorS仃o1nthe
GenemlPrincipIessection

CLF = coolingIoadΓ actor,byschedu︳ edhoursandhoodedor not;
T〕 b︳es37and39

N(,rε I:CLF= lU、vith24-happIianceoper.ntionand/orifcoUⅡ ngoff.nt

night orduring、 veekends

N(,rε 2:Set︳ atentIond=UifappⅡanceunderexhausthood

Venti︳ ationandInΠ︳trat︳ oΠ Air

Tab︳e2少  ProcedurefUrCa︳ cu︳a6ngSpaceDe㎡gnCoUⅡ ngLUadbyCLTD/SCL/CLFMethUd

(I8)(46)

(i9)(46)

σ
、‘
′η‘il,i〞 =’v(Sensib︳ eheotgain)CLF

〞幼●1.● =′ (́Latentheatg㏑ n)

(44)

(46)

�V = nulη berofpeopIein space,frUn〕 bestava∥ .nblesource

Sensib｜ eand｜ atentheatgainΓ roInUccupancy— —TabIe3,

orChapter8;adJus〔 asrequired

CLF = coolingloadfactor,byhouro「 occupancy,Table37

Λ/〞惚;CLF l U、 vithhighdensi〔yor24-hoccupancy.nnd/orifcooIingoff永

night orduring、veekends

tix/!r9

〞〞=〃 F㏕
F、“(CLF) (9)(46)

∥/= 
、
vatts inputfron〕 electrica︳ pIans or｜ ightingΠ xturedata

Ftr′ = ∥ghtinguseΓ actor,aSapproPriate

F‵〃=speci㏕ aI】 UwaΠ ce侐 ctor,小 appr。 priate

CLF = coo｜ ing︳ oad儗ctor,byhUurofoccupancy,TabIe38

N6｝〞:CLF= I U、vith24-hlightusageand/oriΓ coolingoΓfat night

orduring、 veekendS

@=venti㏑tionflomASHRAE∫ ra” .●ar〞 62;inFl｜trationfrom

Chapter26,L/s

rθ ,〞 =。 utside,insideajr teIη perature,°C
VV午,,”午=。 utside,jnsideairhulnidltyra。 o,kg(wa㎏ r)/kg(dryair)

rt,.〃i=° u〝ide,in蕊 de㏑ renth㏕ py,kl伙gld〞 山°

u9〞幋i乃′ξ=123U(〞 ,-ti〉

σ加“η′=3UlUU(VV午)一 ∥;)

σ〞,rp′ =12UU(力θ-乃 )

(25)

(23〉

(2())
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