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Chapter 7 

 
 

Heat Load of Air Conditioning 
 
 
In order to maintain comfort in an occupied space, positive or negative heat must be 
supplied to the space by various means. The amount of heat required for this 
purpose is known as heat load. There are two kinds of heat load in air conditioning 
depending on the season: cooling load and heating load [7.1, 7.2]. There are also two 
kinds of heat load in air conditioning depending on the interest that one takes: 
heating and cooling demands and energy requirements for heating and cooling. The 
amounts of maximum probable heating and cooling demands are the basis for 
selecting boilers, fans, refrigeration machines and other necessary components of an 
air conditioning system so that the space can be maintained at comfort level even on 
very cold or hot days. Estimation of heating and cooling demands is made primarily 
for the air conditioning design purpose. On the other hand, energy requirements for 
heating and cooling are associated with the total annual operating cost of air 
conditioning. The owner of the building is evidently interested in knowing how 
much the operation of air conditioning would cost in a year at the stage of 
architectural design and air conditioning system design. 

Estimation of heating and cooling demands has traditionally been made by 
manual calculation with the aid of convenient tables and charts, but computers are 
also being used for this purpose when answers are required to be as accurate as 
possible. On the other hand, annual energy requirements for heating and cooling 
could not be estimated without the aid of a computer [7.3, 7.4], because the heat 
load must be calculated not only for very cold days but also for milder days. 

It would be desirable, however, to be able to apply a common physical basis to 
the estimation of both demands and energy requirements. This chapter describes 
basic methods of calculating heat load components and diurnal variations of space 
heating and cooling loads for estimation of energy requirements to be consistent 
with the method used for estimating the demands. 
 
 
 

7.1.  HEAT GAIN AND COOLING LOAD 
 
 

Cooling load is different from heat gain and heating load is different from heat 
loss. Discussion hereafter deals with heat gain and cooling load, because heat loss 
and heating load can be considered as negative heat gain and negative cooling load 
respectively. 
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Heat gain may be defined as the rate of unwanted heat entering into the space 
under the condition that the room air temperature would be kept always constant. 
Cooling load may be defined as the rate of heat required to be removed from the 
space to maintain the room air temperature at a constant specified level. 
 

 
Fig.7.1.  Heat gain and cooling load. 

 
The reason for having these two treated as different terms is that the thermal 

storage in the building structure is so significant that all of the heat entering into the 
space as heat gain might not appear as cooling load instantaneously, part of the heat 
gain being stored in the building structure, In consequence, the diurnal variation of 
cooling load shows a certain reduction from the peak and a certain delay from heat 
gain variation as shown in Fig.7.1. 

The component of heat gain to be stored in the building structure is the radiation 
component, because any flux of radiant energy falling on a surface is at once 
partially absorbed by the structure and appears as cooling load by convection from 
the surface to the room air after a while. The radiation components of heat gain are 
classified as transmitted solar radiation through windows, long wavelength radiation 
from the inside surface of exterior skin and radiation from interior heat generating 
objects such as lights, people and electrical appliances. On the other hand, the 
convective component of heat gain may be considered to become cooling load 
instantaneously. Convection from the inside surface of exterior, walls and roofs and 
convection from the interior heat generating objects to the room air are classified in 
this category. 

The thermal storage effect by building structures due to heat gains from solar 
radiation and lights is discussed in Chapters 4 and 5 respectively. As described in 
these preceding chapters, it is convenient to use time series expressions for the 
variables involved in the thermal system for the room enclosure. The relationship 
between heat gain and cooling load can be expressed by using cooling load 
weighting factors for heat gain as follows: 
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where HCL(n) = cooling load at time t = n∆t due to heat gain(W), HHG(n) = heat gain 
at time t = n∆t(W), W(j) = cooling load weighting factors for heat gain (−). 

When there are different kinds of heat gain for the space concerned, the space 
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cooling load at time n can be considered as the sum of the cooling loads at time n for 
the respective heat gains. This is based on the superposition principle, and namely 
the space cooling load can be given by: 
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where HSCL(n) = space cooling load at time n (W), HCLk (n) = kth cooling load at time 
n(W), HHG,k(n) = kth heat gain at time n(W), Wk(j) = cooling load weighting factors 
for kth heat gain(−). For simple practical calculation cooling load weighting factors 
may be approximated by the first two terms and common ratio so that the following 
relationship may be valid in reference to Fig.7.2: 
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Fig 7.2 Semi-log plot of approximated values of cooling load weighting Factors for  

heat gain. 
 
Since the heat storage effect in the building structure could be more or less of the 
same nature for different heat gain components, the common ratio ck might be taken 
as a constant value, i.e. 

 cccc n   ==== 21  (7.4) 

Applying eqns. (7.3) and (7.4) to eqn. (7.2), the space cooling load may be 
calculated by a very simple equation as in the following: 
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  The cooling load weighting factors for various heat gain components in eqn. (7.5) 
are given in Tables 5.5－5.8. The simplicity of eqn. (7.5) enables manual calculation 
to be effected quite easily. 
 
 
 

7.2.  COMPONENTS OF SPACE COOLING LOAD 
 
 

Cooling load of a given space can be classified in different ways. The interior 
zone of a space imposes cooling load on the air conditioning systems caused by heat 
from lights, occupants and heat generating appliances. The perimeter zone of a space, 
which faces outside, holds a cooling load caused by outside environmental 
excitations in addition to the interior heat generation, i.e. solar radiation transmitted 
through glass windows, heat transmission across glass windows, heat transmission 
across exterior walls and roofs, and infiltration. The summation of several cooling 
load components pertaining to the space is called space cooling load. 

When the air temperature in the space varies with time, a considerable amount of 
heat transfer occurs between the room air and the building structure because the 
room air temperature deviates from the set reference point on which the calculation 
of the space cooling load is based. The sum of the heat transfer caused by the room 
air temperature deviation and the space cooling load is termed heat extraction, which 
implies the rate of heat actually extracted from the space by the air conditioning 
system. 

There are two kinds of cooling load, depending on whether moisture transfer 
accompanies heat transfer or not. Heat transmission across walls, roofs and windows, 
solar radiation and heat from lights bring about only sensible cooling load, whereas 
heat generation by occupants and some kinds of appliances, and heat transfer by 
infiltration bring about both sensible and latent loads because moisture transfer takes 
place in the respective thermal processes. 

Another important feature in cooling load calculation is that some cooling load 
components arc affected by heat storage in the building structure and others remain 
the same as instantaneous heat gain. Infiltration belongs to the latter. It is important 
to note that the convection portion of other cooling load components also can be 
classified as the latter, while the ones that involve radiation heat transfer are 
associated with heat storage, belonging to the former for which a convolution 
process is required in calculation as described in the preceding section. 
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Figure 7.3 and Table 7.l are summarized calculations from different views as 
discussed in the above. 

 
Fig.7.3.  Heat load components. 

Table 7.1 
Classification of heat load components 
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7.3.  ALGORITHM OF CALCULATING SPACE COOLING LOAD 
 
 

The algorithms for computing space cooling load components according to the 
procedures used in SHASE program HASP/ACLD/7101 [7.6] to calculate annual 
energy requirements for air conditioning are as follows: 

An algorithm is a set of equations written in sequence of calculation, where 
output is on the left-hand side and input data, which should be known, are on the 
right-hand side; a computer program can easily be made from the algorithm merely 
by replacing symbols and operations with those used in the computer language 
according to its grammar. 

 
(1) Cooling load associated with heat from lights 

(a) Heat gain at time n, GL(n) (W): 

 )1()()( LLL ρ . nP . LnG −=  (7.6) 

(b) Cooling load at time n, HL(n) (W): 

 )]0()1([)()0()( LLLLLL WcWnGWnH −+= )]1()1( LLL −+−× nHcnG  (7.7) 

where L = power input to lights including ballast loss(W), PL(n) = 
fraction of lights turned on at time at on daily schedule, ρL = heat 
removal efficiency of air handling troffers or 1uminaires, WL(0), 
WL(1) = cooling load weighting factors for heat from lights(−)(See 
Table 5.5), cL = common ratio associated with WL(0), WL(1). 

(2) cooling load associated with heat from occupants 
(a) Sensible heat generated by one occupant at reference room air 

temperature, QPS(W) (Fig. 7.4): 

 gθQQ )24( r0PS −+=  (7.8) 

(b) Latent heat generated by one occupant at reference room air 
temperature QPL(W): 

 PSPTPL QQQ −=  (7.9) 

(c) Sensible heat gain at time n, GPS(n) (W): 

 )()( ppPSPS nP . N . QnG =  (7.10) 
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Fig.7.4 Sensible and latent heat generated by human body under different room air 

temperatures [7.4]. 
 

(d) Sensible cooling load at time n, HPS(n) (W): 

 )]0()1([)()0()( PPPPSPPS WcWnGWnH −+= )1()1( PSPPS −+−× nHcnG  
  (7.11) 

(e) Latent cooling load at time n, HPL(n) (W): 

 )()( ppPLPL nP . N . QnH =  (7.12) 

where Q0 sensible heat generated by a human body at 24°C depending on 
work strength (W) (Table 7.2), QPT = total heat generated by a human body 
under the respective working conditions (W) (Table 7.2), g = gradient of 
sensible heat generation in reference to room air temperature (W deg C-1)  
(Table 7.2), θr = reference room air temperature (°C), Np = number of 
occupants in the room, Pp(n) = fraction of occupants at time n on week days, 
Wp(0), Wp(1) = sensible cooling load weighting factors for heat gain from 
occupants (−) (Table 5.7) and cp = common ratio associated with Wp(0), 
Wp(1). 
 

Table 7.2 
Heat generated by a human body depending on work strength [7.4] 
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(3) Cooling load associated with appliances 
(a) Sensible heat gain at time n, GAS(n) (W): 

 )n(P . Q (n)G AASAS =  (7.13) 

(b) Sensible cooling load at time n, HAS(n): 

 )]0()1([)()0()( ASAAASAAS HcWnGWnH −+= )1()1( ASAAS −+−× nHcnG  

  (7.14) 

(c) Latent cooling load at time n, HAL(n): 

 )()( AALAL nP . QnH =  (7.15) 

where QAS = sensible heat generated by appliances in the room space (W), 
QAL = latent heat generated by appliances in the room space (W), PA(n) = 
fraction of appliances used at time n, WA(0), WA(1) = sensible cooling load 
weighting factors for sensible heat gain from appliances (−), and cA = 
common ratio associated with WA(0), WA(1). 
 

(4) Cooling load associated with solar radiation through glass windows 
(a) Fraction of direct solar radiation that is transmitted through the 

standard glass pane and that is absorbed by the standard glass pane and 
transferred to the room by radiation and convection at tine n, gDi (n): 

2
iiDi )]([ 86363)( 39202)( ncncng ⋅−⋅=  

 4
i

3
i )]([ 39521)]([ 76583 ncnc ⋅−⋅+  (7.16) 

(b) Fraction of diffuse solar radiation as heat gain from the standard 
window glass: 

 i i i . ngng
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(c) Solar heat gain from the standard glass window at time n, IG(n) 
(Wm-2): 

 )()()()()()()( dddDDDG nInrngnInrngnI i +=  (7.18) 

(d) Solar heat gain for the given window with shading at time n, GS(n) 
(W): 

 GGsS )()( AnIknG =  (7.19) 

(e) Cooling load associated with solar heat gain at time n, HS(n) (W): 
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 )]0()1([)()0()( SSSSSS WcWnGWnH −+= )1()1( SSS −+−× nHcnG  
  (7.20) 

where ci (n) = cosine of incident angle i (degree) of direct solar radiation 
upon the window glass surface concerned at time n(−), ID(n), Id(n) = direct 
and diffuse solar radiation respectively upon the window glass surface 
concerned at time n (Wm-2), rD(n) = fraction of sunlit area of glass window 
with external shading at time n (−), rd(n) = form factor of the sky as seen 
from glass window with external shading (−), AG = area of grass window 
(m2), ks = shading coefficient of the window (−), WS(0), WS(1) = cooling 
load weighting factors for solar heat gain from windows (−) (Table 5.6) and 
cS = common ratio associated with WS(0), WS(1). 
 

(5) Cooling load associated with heat transmission across glass windows 
(a) Equivalent temperature differential across the glass window concerned 

at time n, ∆θeG(n) (°C): 

 r
0

aG
aeG α

)()()(Δ θ
nRφε

nθnθ −−=  (7.21) 

(b) Cooling load at time n, HG(n) (W): 

 )(Δ)( eGGGG nθAKnH =  (7.22) 

where θa(n) = outside air temperature at time n (°C), εG= emissivity of glass, 
R(n) = effective radiation to the sky from horizontal surface (Wm−2), φa = 
form factor of the sky as seen from glass window (−), α0 = film heat transfer 
coefficient on the outside surface of glass window (Wm−2 deg C−1), θr = 
reference room air temperature (°C), KG = thermal transmittance of glass 
window (Wm−2 deg C−1) and AG = area of glass window (m2). 
 

(6) Cooling load associated with heat transmission across exterior walls and 
roofs 
(a) Equivalent temperature differential across the exterior walls at time n, 

∆θew(n) (°C): 

 r
0

awTS
aew

)()()()(Δ θ
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nRφεnIa
nθnθ −
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+=  (7.23) 

(b) Heat gain from heat transmission through walls at time n, GW(n) 
(Wm−2): 
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(c) Cooling load at time n, HW(n)(W): 

 )()( WWw nGAnH =  (7.25) 

where θa(n) = outside air temperature at time n(°C), as = absorptivity of 
outside surface of wall for solar radiation (−), IT(n) = total solar radiation 
upon the outside surface of wall at time n (W m−2), εw = emissivity of 
outside surface of wall (−), φa = view factor from the wall surface looking 
at the atmosphere in reference to the horizontal surface to the atmosphere 
(−), R(n) =long wavelength radiation exchange between the horizontal 
surface and the atmosphere at time n (W m−2), α0 = film coefficient along 
the outside surface of exterior wall (Wm−2 deg C−1) and θr = reference room 
air temperature (°C). 

 
(7) Cooling load associated with infiltration 

(a) Wind direction relative to the wall orientation, δw (degrees): 
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(b) Wind pressure coefficient, CW: 
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(c) Wind velocity at the height of the space concerned,υr (ms−1): 
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(d) Pressure difference between inside and outside, ∆p (Nm−2): 

 gHHγγυγCp )50)((50Δ Brar
2
raW ⋅−−+⋅=  (7.27) 

 If ∆p < 0     ∆p = 0 

(e) Rate of infiltration at time n, Q(n)(m3h−1): 
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 G/1
GGG Δ)( npAIanQ =  (7.28) 

(f) Sensible cooling load at time n, HIS(n)(W): 

 63])()[()( raapaIS ⋅−= θnθnQγCnH  (7.29) 

(g) Latent cooling load at time n, HIL(n)(W): 

 63])()[()( raaIL ⋅−= xnxnQγrnH  (7.30) 

where Or = wall orientation, clockwise from south(degrees), IWD = wind 
direction index(1 − 16), Hr = height of the space concerned (m), HS = 
standard height at which wind speed is measured (m), HB =height of the 
building(m), υ = wind velocity measured (m s−1), γa = specific weight of 
outside air (kg m−3), γr= specific weight of room air (kg m−3), g = gravity 
acceleration (m s−2), αG = sash constant (m2(1−1/nG) h−1 N−1/nG), lG = crack 
length of window per unit window area(m−1), nG = sash constant(−), Cpa = 
specific heat of outside air (kJ kg−1 deg C−1), θa(n) =outside air temperature 
at time n (°C), θr = reference room air temperature(°C), r = latent heat of 
water vapour (kJ g−1), xa(n) = humidity ratio (absolute humidity) at time n 
(g kg−1) and xr=reference room air humidity ratio (g kg−1). 

 
 
 

7.4.  HEAT EXTRACTION AND ROOM AIR TEMPERATURE VARIATION 
 
 

It is important to remember that the cooling load is calculated under the 
condition that the room air temperature is kept constant for 24 hours a day. In actual 
spaces, however, the room air temperatures are not necessarily kept constant even if 
automatic control systems are provided. The room air temperature deviates from the 
set point from time to time and varies within the specified range. This phenomenon 
is often called temperature swing. 

When the air conditioning system is operated under intermittent mode, the room 
air temperature variation is quite dramatic. After the air conditioning system is 
turned off the room air temperature changes fairly rapidly and gradually gets closer 
to the outside air temperature until the system is started in the morning on the 
following day. During the period when the air conditioning system is off, there is no 
heat supplied to or extracted from the space and the room air temperature naturally 
varies with time. Since the temperature has deviated from the set point during the 
unconditioned period, large amounts of energy must be supplied prior to the time 
when occupancy starts in order to bring the room air temperature to the set point. 
This period may be called the preconditioning period, when undesirable room air 
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temperature is picked up in the heating mode or pulled down in the cooling node. 
The amount of heat supplied or extracted during the preconditioning period may be 
called the preconditioning load. The longer the preconditioning period, the smaller 
the preconditioning load. 

After the room air temperature reachs the set point at the time when occupancy 
starts, the amount of heat in excess of the cooling load must be extracted to make up 
for the heat entering into the space from the surfaces of the room enclosure, as heat 
is stored in the building structure during the unconditioned period when the room air 
temperature deviates from the set point. This amount is called the heat storage load. 
The sum of the cooling load and the heat storage load, which is extracted from the 
space during the conditioned period in order to maintain the room air temperature at 
the set point, is called heat extraction. Figure 7.5 shows an overview of intermittent 
air conditioning. Using the time series expression heat extraction may be given by 
the following equation: 

 )()()( SLCLHE nHnHnH +=  (7.31) 

where HHE(n) = heat extraction at time n(W), HCL(n) = cooling load at time n(W) 
and HSL(n) = heat storage load at time n(W): 
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where θr(n) = room air temperature deviation from the set point at time n(°C), K(n) = 
coefficient associated with infiltration for room air temperature deviation at time n 
(W deg C-1) and WZ(j) = heat extraction weighting factors for room air temperature 
deviation (W deg C-1). 
The term K(n)θr(n) in eqn.(7.32)implies instantaneous cooling load at time n when 
the room air temperature is deviated from the set point by θr(n) and is represented by 
the decrease in cooling load by infiltration due to the room air temperature deviation 
θr(n), viz., 

 )()( apa nQγCnK −=  (7.33) 

where Cpa = specific heat of air (J kg-l degC-1), γa = specific weight of outside air (kg 
m-3) and Q(n) = rate of infiltration at time n (m3 h-1). 

Wz(j) implies the heat extraction at time t = j∆t if the room air temperature rose l 
deg C above the set point at time t = 0. This can be understood rather easily by the 
following explanation with reference to Fig.7.6. As described in Chapter 2, the 
response factors Z(j) of the exterior wall are defined as the response in time series of 
inside surface heat flow when the room air temperature is given as the unit triangle 
pulse and the outside air temperature remains zero. It is implied that the wall 
involves the boundary layers on both surfaces. By definition the outward heat flow  
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Fig. 7.5  Variation of heat load and room air temperature under intermittent operation of air 

conditioning. 

 
Fig. 7.6  Heat extraction weighting factors for room air temperature as a combination of Z 

response factors of minus sign. 

at the inside surface is positive; the unit positive room air temperature deviation 
gives rise to outward heat flow at t = 0 and inward heat flow at t =j∆t (j ≥ 1). 
Namely, the heat extraction is required less by Z(0) at t=0 and more by Z(j) at t = j∆t. 
In consequence − Z(j) identifies the heat extraction weighting factors for room air 
temperature deviation per unit wall area and the summation of−  −Z(j) for all exterior 
walls that enclose the room makes the heat extraction weighting factors for room air 
temperature deviation for the room, viz., 
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where Zw(i, j) = Z response factors of ith exterior wall (Wm−2 deg C−1), Aw(i) = area 
of ith exterior wall (m2) and kw = number of exterior walls. This series Wzw (j) is one 
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of the components of Wz(j), heat extraction weighting factors for room air 
temperature deviation and may be called the exterior wall component of Wz(j). 

In general, Wz(j) can be considered to be composed of four major components as 
given below: 

 )()()()()( zFzGzizwz jWjWjWjWjW +++=  (7.35) 

Three other components Wzi(j), WzG(j) and WzF(j) are to be given by the 
following description. 

When there are adjacent spaces whose air temperature varies simultaneously 
with that of the space concerned, the Y response factors of the interior walls or floor 
slabs must be introduced to account for the heat storage effect of the interior walls. 
Thus, the interior wall component of Wz(j) may be defined by the following 
expression: 
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where Zi(i, j), Yi(i, j), Ai(i) = Z response factors, Y response factors and area of ith 
interior wall respectively, Wzi(j) = interior wall component of Wz(j) (W deg C−1). 

In addition the instantaneous cooling load due to the temperature difference 
between inside and outside as expressed by heat transmission through thin walls, 
like glass windows, is reduced by the amount corresponding to the room air 
temperature deviation from the set point at t = 0, which makes the reduction of Wz(0) 
as expressed by the following: 
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where KG(i), AG(i) = thermal transmittance and area of ith glass window respectively, 
WzG(j) = glass window component of Wz (j). 

Assuming that furniture in the room absorbs heat on account of positive room air 
temperature deviation and discharges heat on account of negative deviation and that 
the temperature of furniture varies consistently with the room air temperature, the 
furniture component of Wz(j) may be given by: 
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where CF = heat capacity of furniture (J m−3 deg C−1) and V = volume of room 
space(m3). 
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Knowing the heat extraction weighting factors for room air temperature 
deviation Wz(j), the relationship between heat extraction and room air temperature as 
expressed by the combination of eqns. (7.31) and (7.32) could be rationalized. 

When the air conditioning system is off, room temperature at time t = n∆t can be 
derived by putting HHE(n) =0 in eqn. (7.31). Substitution of eqn. (7.32) into eqn. 
(7.31) yields the following formula: 
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7.5.  PRECONDITIONING LOAD AND PRECONDITIONING PERIOD 
 
 

The term preconditioning used here means bringing the room air temperature 
and humidity to the comfort level prior to the time when occupancy starts early in 
the morning; pulling down in the case of cooling and picking up in the case of 
heating are implied by the word preconditioning. The time needed for 
preconditioning is the preconditioning period and the rate of heat required for 
preconditioning during this period is the preconditioning load. 

During the preconditioning period in the intermittent operation of air 
conditioning in practice, the constant rate of heat at full capacity is supplied in order 
to bring the room air temperature to the comfort level within a minimum possible 
length of time. The shorter the duration of preconditioning period desired, the larger 
the preconditioning load to be required. In order to investigate the relationship 
between preconditioning load and preconditioning period, it is necessary to know 
the characteristics of room air temperature decrease by virtue of the constant unit 
rate of heat extraction from the room space expressed in time series, which may be 
defined as the room air temperature weighting factors for unit heat extraction as 
depicted in Fig. 7.7 [7.7]. 
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Fig. 7.7.  Room air temperature weighting factors for heat extraction. 

 

Table 7.3 
Unit heat extraction and room air temperature 

 
 

Assuming K(n) in eqn. (7.32) is constant during preconditioning period to be 
included in Wz(0), eqn. (7.32) is reduced to be: 
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When the values of HHE(n) and θr(n) are taken as shown in Table 7.3, referring to 
Fig. 7.7, the following equations are derived from eqn. (7.40): 
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Once Wz(j) factors are known, WT(j) factors can successively be obtained from eqn. 
(7.41), viz., 
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The superposition principle is applied to the response to multiple excitations. In 
this case the temperature variation without heat extraction until the start of 
occupancy must be calculated first. If the temperature deviation at the time when 
occupancy starts were to be θrb, the rate of heat extraction required during p hours of 
preconditioning to pull the temperature down to the reference temperature by θrb is 
given by the expression: 

 
)(

)(
T

rb
HE pW

θ
pH =  (7.43) 

Hence, if the system capacity of HHEX is given, the duration of preconditioning 
period p can be obtained from: 

 
HEX

rb
T )(

H
θ

pW =  (7.44) 

where WT(p) = room air temperature weighting factors for unit heat extraction at j = 
p. 

The room air temperature during the preconditioning period θrp(n) is to be given 
by superposing the room air temperature caused only by external excitation without 
preconditioning θr(n) and the room air temperature caused only by preconditioning 
θrH(n). The former θr(n) is derived from eqn. (7.40) namely: 

 
∞
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The latter θrH(n) is given by: 

 )()( THEXrH pbnW . Hnθ +−=  (7.46) 
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Superposing θr(n) and θrH(n): 

 )()()( rHrrp nθnθnθ +=  (7.47) 

Figure 7.8 illustrates this superposition and the total picture of heat extraction and 
room air temperature variation during a day may result in such a shape as shown in 
Fig. 7.5. 

In the cooling mode, after the air conditioning has stopped, the room air 
temperature will rise rather rapidly due to solar radiation through windows in the 
late afternoon and to the release of the heat from lights which has stored in the 
building structure. During the night room air temperature gradually falls until dawn 
on the next morning. Pull down starts with maximum heat extraction to bring the 
room air temperature to the reference level at the time when occupancy starts. The 
preconditioning period is followed by the conditioned period, when the room air 
temperature is kept constant at the reference level by heat extraction. This heat is the 
sum of the space cooling load and the storage load, as illustrated by the hatched area 
of Fig. 7.5, caused by higher temperature build-up over the long unconditioned 
period. 

 
Fig. 7.8.  Room air temperature during preconditioning period. 

 
In general, the cumulative heat extracted from the space during a day with 

intermittent operation is smaller than that with continuous operation for 24 hours. 
Comparison can be made from the area under the respective curves. It must be noted, 
however, that a higher rate of heat extraction is needed in intermittent operation than 
in the case of continuous operation.  

In practice, therefore, the large heat storage tank is often used to store the 
coolness during the night by operating a refrigeration machine with the low utility 
rate of off-peak electricity. Thus, it is easier to avoid using a heat supply unit of 
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excessive capacity and to maintain a smaller energy consumption on a daily basis 
than it would be using continuous operation of air conditioning without a storage 
tank. The advantage of employing a heat storage tank is more significant in the case 
of heating than cooling. This is because maximum heating load occurs in the early 
morning which coincides with the preconditioning period, whereas maximum 
cooling load in summer occurs in the afternoon except in buildings with many large 
windows facing east. 

When the system capacity of heat extraction and the preconditioning period are 
both given irrespective of severity of weather, it is rather easy to calculate in a 
straightforward way the room air temperature and heat extraction during the 
preconditioning period. 

The following are the algorithms used in the SHASE program as cited earlier 
called HASP/ACLD/7101 [7.4, 7.6] for the calculation using heat extraction 
weighting factors for room air temperature deviation in a right-angled triangular 
pulse designated as WR(j). The time series WR(j) factors can be obtained from the Z 
response factors for surface temperature excitation given in a right-angled triangular 
pulse by the procedure similar to the one with an ordinary triangular pulse. 

The calculation is divided into three phases: 
 
(1) At the time when preconditioning starts, n =p (Fig. 7.9(a)). 

(a) Room air temperature at n = p if no heat were extracted,  
θrN(p)(°C): 

 )0(/)]0()([)( CLrN zWGpHpθ +−=  (7.48) 

(b) Room air temperature at n = p if rate of heat equal to the system 
capacity were extracted, θrpx (°C): 

 
)0(R

HEX
rpx W

Hθ =  (7.49) 

(c) Room air temperature at n = p judged by conditions, θr(p): 
 (i) If δθpθ ≥− rpxrN )(  

 HEXHEr )(and)( HpHδpθ == 　　　  
 (ii) If δθpθ <− rpxrN )(  (7.50) 
  )0()()(and)()( RrHErpxrNr W . pθpHθpθpθ =−= 　　  
 Similar judgement must be made for heating mode. 
(d) Parameter G(j) for later calculation: 

 )0(/)()()()()1()( RRHEr W jW . pHjW . pθjGjG z +++=  (7.51) 

(2) Calculation for the period after the start of preconditioning up to l hour 
before the stopping of the air conditioning. 
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(a) Room air temperature with no heat extraction at time n, θrN(n) (°C): 

 )0(/)]0()([)( CLrN zWGnHnθ +−=  (7.52) 

(b) Room air temperature drop by the heat extraction at the rate of system 
full capacity as an isosceles triangular pulse, θpx (°C): 

 )0(/HEXpx zWHθ −=  (7.53) 

(c) (i) If δθnθ ≥− pxrN )(  
 HEXHEpxNrN )(and)()( HnHθnθnθ =−= 　　　　　  

 (ii) If δθnθ <− pxrN )(  

 )0()()(and)( rHEr zW . nθnHδnθ == 　　　　  (7.54) 

(d) Parameter G(j) for later calculation: 

 )()()1()( r jW . nθjGjG z−+=  (7.55) 

The curves of heat extraction after the start or preconditioning are shown as 
curves A, B and C in Fig, 7.9(b) depending upon the different cases. 

(3) Calculation when air conditioning stops at time n =e (Fig.7.9(c)). 
(a) Identical calculations to 2(a), 2(b) and 2(c) are to be made. 
(b) Corrected room air temperature at time n = e by the following equation 

because heat extraction of a half triangle must be eliminated, θr
＊(e) 

(°C): 

 )0()()()( RHErr W . eHeθeθ −=＊  (7.56) 

(c) Calculation of G(j) for j = 0−24: 
 )0(/)()()()()1()( RRHEr W jW . eHjW . eθjGjG z −++= ＊  (7.57)  
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Fig. 7.9.  Sequential calculation of heat extraction and room air temperature.  
(a) Start of preconditioning n = p, (b) conditioned period p + l < n < e -1,  

(c) stop of air conditioning n = e [7.4, 7.6] 
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Figure 7.10 shows the basic flow chart to calculate hour by hour heat extraction 
and room air temperature under intermittent operation of air conditioning for a year. 
This is used in the computer program to estimate annual energy requirements for air 
conditioning developed by the Society of Heating, Air Conditioning and Sanitary 
Engineers of Japan. 

 
Fig. 7.10.  General flow chart to calculate heat gain, cooling load, heat extraction and room 

air temperature [7.4]. 


