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Temperature Swing A Design Concept for Air

Conditioned Buildings

introduction

in all developlng nations including Indin, the

demand for better standards of comfort is increas-
ing along with the improvements in the cconomic
conditlons. As a result more and more buildings,

especially commercial, office and -hotel builcings-

ure being airconditioucd in ‘these countrles. The
fact remalns that alr-conditioning of buildings is
an expensive proposition and may form as high s
25 percent of the total bullding financiol outlay.
In tropleal countries like India, cooling fi.-ms the
major lunction of alrconditioning In most parts

Cand It Is well knowa that teftipsration costs several

times more than 1+ .ting. The modern trends in
bullding design whichi sre characterised by gkt
panel wolls and large glass arcas heve also contri-
buted towards the incrense of airconditioning costs,
both the initisl and operating costs. This has
brought to the forefront the nced for finding
practical ways and ricons of achicving sizeable
economics in alrconditloning costs of buildings

through a belter understanding of the inleraction

of the bullding aud the air-conditioning system.
In the last decade - this problem hes drawn the
attention of research sclentists, air-conditioning
engineers and archiects even in aflluent countries.

The relevance of continuing the orthodox design
procedures and concepts for estimating the air-
conditioning loads is constantly questioned. In
recent yours a good deal of rethinking has tuken
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. plage in this fleld and Improved mathematicnl

models,*#'® which closely simulate the realp hysical
problem with all its complexitics, have been «eve-

. loped.  Equally sophisticated digital computational

mcthodst,%,? for speedy cvaluation of a number
of alternative designs and systems, to arrive at an
optimum solution. New design  concepls like
permitting o swing? ® in Indoor air temperaturcs
of the conditioned spiace, within the acceptuble
limits, liave been put forward us a possible means

of achleving substantial savings in alr-conditioning -

cosis,

Before accepting such proposals on an universul |
basis, ils Implicatic 1 are to be examined with
reference to the “building design and  climutes
concerned,  Vhis paper presents the results of
computer study, made to illustrate the influence of
the iype of construction (heavy or light weight)

and type of climate (hot day or hot humid) on _

the temperature swing of the Indoor air of
typical conditioned  building module¢ and - the
consezjuent effects of such a swing on air-condition-
ing loads, '

Temperature swing

When bulldings are to be air-conditioned itig

a common procedure to estimate the cooling and .
heuting loads, taking It for granted, that the
internsl alr temperature und humidity are held
constant through out the usuge of the building.®
Here the implicit assumption . is that the rate of
cxlraction or supply of heal from or to the
enclosure, is perfectly matched at all times, with
the rate of heat gain or loss into or from the
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cotiditioned space, In practice such a peifect
autching of loads §s extremely diflicult with {he
usuzl types of controls. ‘

Fhe thermal storage eficel of the Internal struc-
tural clements and contents of (he building qomes
into play under two situntions. Firstly, the instun-
lapeous hent  gains of the directly transimitted
solar rudiation through unshaded plazed areas
“und from the radiant heat pains finmn the internal
heat sources will be modified considernbly, before
they are rellected as the actual cooling load to the
plant. - Secondly the, “thermal inertin®* efleels of
the internal structural parts and the furniture,
come into play when the indoor sir temperature
is vavignt.  This implics that it the indoor air
temperature is allowed to vary, say cyclically, by
u few degrees, grenter ndvamtuge of the thernal
storage effects of heuvy structures can be taken
and the plant size pnd runnlng costs can be sub-
stuntially reduced. Iowever, jt is nevessary to
ensute that this temperature swing should be
within the acceptable comfort range.  Lixlensive
studics carricd out in tecent years on this ptoblem
ol fixing comfort limits!®,1 for diflerent degrees of
aclivity and clothing have confirmed the view
point that a close {emperature control is  not
necessiry for human comfort, On the ofher hand,
it is cven suggested that o gradual change of
lemperature by 2 or 3 deg. C during the course
of the day will prove more stimulating  than
keeping the temperature tigidly constont,

The commionly used procedutes of air condition-
ing load estimation were developed for constant
indoor ajt temperature conditions und us such
are not capable of determining the tetaperature
swing and its “cfleets on irconditioning  louds.
Methods have been developed by the autliorst213
and others!*'1® for {he deterinination of indoor sir
temperatute varintjons of unconditioned buildings.
The same procedures can be upplied for the
determination of temperatuse swing in conditioned
spuaces that can oceur under o variely of situations,
Loudon' has extended the steady-cyclic method to
Juusi steady cyclle conditions. By tiese methods
itis also possible to estimaté the reduction in Joud

that" can be expected due fo programeed tem-
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perature  swings  of  different amplitudes and
protiles in air conditioned buildings,

Effect of type of construction and
<limate on temperature sv/ing

The actunl teduction of londs and the consequent
suvings achieved by permitting n temperature
swing in conditioned spaces will depend inostly on
the type of construction, design fentures ind the
characieristics of the climate ofa given pluce. A
typical building module (Fig. 1) has been consi-
dered for the purpose of illustrution of the above
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effects.  Two types of constructions namely heavy
weight and light weight with aud without interng
purtitions have been considered in this  study,
The constructionu! details and areus of the building
compotients are listed in table 1,

Component Loads

Initially the individual component peak londs e
their thme  of oceurrence and the uctual Joad-
presented by cach component at time of tola!

peak (sensible) load, of the building module, for

both tpes of constructions, under two types of
cimaie i, hot dry (Roorkee) and hot humid
(Bombuy}, on a

~deterntined.  These are presented in tables 2(a)

and Zb) respectively,  In these calculations the
indoor . air temperature is assuned to be kept
constunt at 25°C,
seen that il the total load is taken s the sum of
the individual component peak  loads instead of

finding out the uctual toral peak load by summing

up the component louds hour by hour. will result
in about 20 percent cxcess. It is ulso appurcrt
that the percemtage load conttibuted by  euch

component will depend upon many fuctors such as

CLIMATE CONTROL February, 1976

(S

lypical summer day, have been -

From these tables It can be -

e -



s . wcoal

S

s bt b B

Table-1

e e et P o i s A et o Lt b e cme

!"Oﬂﬁiltll{‘i (DAL DECTARLS OF leil l)lN(n MODULES

(,uuan m.ilun

: 1 i
4, Mo, Element fl}\l4 ! l B~ T
1, Roof 2160 5.0, em fuwin eone--10.0 cm 10.0 e, R(C 15.0¢em Anr spice
RCC - 1,50 em plaster [-8.5 cm Insulation Board?®
2. Walls ] ’ ,
Soitth Fust 50.4 1.25 e plaster §-23.0 e 15.0 ¢ fonm conerete
: Brick - 1.25 em plaster
South Wesl [ 27.0 1,25 e placter | 23.0 o 15.0 e foam conerete
rici | 1,25 e plaster .
Notth West 72,0 1.25 coin pluster 1-11.5 em 10.0 cm foam conerele
‘ i Brick 1 1.25 e plaster ‘ {!
Morth Fast 27.40 A5 e plster 115 em 10.0 cm foam concrete
Eiick-- 125 ¢m plaste :
3 Fivor 116.0 i5.0em ECC 15.0 e RCC
i, Deors (4 nos.) | (0D 25 v Teak wood 2.5 ¢em Teak Wood
3, Vidows 2.4 D25 2y Cass 0.125 e Gluss .
(8 nos.) ) _‘_
& Furbiture (e Wi reak Woaod 2.5 em Tenk wood
7. furtition wall 162.0 1,25 ens plastes | VLS cn 125 em pluster4- 11,5 ¢

£3 nos.)

T 1.5 ent Wood 4 ‘ml iiou |- } 2 5 eits "htrmu' "' y

lype of constructions, venttletion sute end the
tyire of elimate,
{o ventimtion und UCL‘U]T_(I_II&:lIiUs wleo been estinind-
ed end fovnd to form 7 and 32 percent of the
total (senslble-| futent) air conditioning load ol the
building module, for Rouvrkee, mid l!un 1:: 1y resjice-
tively, -

The itent tegd comnnnent dae
el

ricurl; Londs aid 'ﬁ umpcamiurn 5 viug,

“lie hourly varlation of total sensible load wlth el
constant fndoor alr emperature ut 25°C . huve .
been  determined o heavy and ilpht ‘weight
constructions. and  presented in figures 2 sind 3
respectively.  The temperature swing that would
fesulty iF o constunt conltng rate ut the meun load |
level is mulntained instead of mukl:!n;, the vouling
vate with fiourly lical peins, hos Seen determslied,
1 the dbove four eaees and fneluded 1o the shove |
figures, 1t can be seen - that for a glven ellmate
the ilgit wd;_,ht constristion resiits in lavger -
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Brick 1 123 o plestor

Brick - 1.25 ¢m plaster

P15 e Wood. Wnpl Ihmld

!cn:pultluu awing (4.7°C) than 1|u|i of the heavy™

weinhil construction (2,6°C). - Similurly for u given

coasteuction the tempernture swing s higher for
The”

Lot dry climetes than for hot humid climates.
corresponding fgures ol temperature swing - for
light weight and  heavy welght constrdetions. for
Bunitay ere 29°C amd - 1L6°C réspeetively, " IF the
temperature swing is much i exeess the neeeplable
Himity, as in the case of light weight construction,

“highier cooling rates thun of the -mean load level

are (o be provided, - For heavy weight construe-

Ctions, by aeeepting w temperature swing of 2° tu
© 2570 us much as Q0 per cent reduction in plant

capacily cin be uduuvud

Progranymed uwh g

For given C(lilh'lrllt‘ﬂt_l]l und climate, by mintain-

Ciag & constant cooling rate at the meun foad Jevel,

us waus the case discussed ubove, there will be no
control over the temperature swing that would
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result due lu lhc unbulnnccd heat gains, ' However,
it is ulso possible to obtaln a programmed tempe-
rature swing  of any desired amplitude  and
profile with u sullubly motorised thermostatic
control arrangement.  The hourly reductlons of
the louds due to such a programmed sinusoidal
temperature swing of 2°C amplitude and © the
modified total loud profiles have been determined
" for heavy and light  weight ‘wnstructions  for
Roorkee und are shown i’ Figures 4 and 5

tespectively, It can bé seen that a reduction in

peak loads of the order of 30 percent for heavy
welght construction and 20 pereent for the Jight

weight construction  can be expected by u 2°C
programmed temperature swing,  This biings out [

the advantages of heuvy weight constructions whcn
a lemperalure :,wmg is permitted,

Under Capaclty Plant

Temperature swing occurs also under  extreme
conditions sucli ug hent wave perlods and when

kld

under capaclty plant ts cmpluycd. ,]n thesa‘f‘:
situations 1t is ussumed {hut ug long as hcﬂl gains

- are below the capacity  of :the' plant, indoor wir 7

temperulure §s muintained constunt ut the qressel
temperature by (he thermostat controls and o
tlse in temperature oceurs only for the period
when the heal - gains exceed (he plant capacity,

13
[ sremee HEAVY WEIOHT gD
sm==ve LIGHT WhiGHT IO D

4} Ly

~

3

o

SEMSILE COCLING LOAD-THOUSANDS X.CaL/Ng.
F-Y [-~]

TIME - HouNg

.3 wjucu.gpf_mammhgm T
i 1 e

The temperature swing profile that would result
due to a 25 percent under capacity plant has been
determined for heuvy und lght “weight building
modules, for Ruorkee and show in "ig, 6." This
agrin - brings  out the advantages of 4 heavy
construction in preventing large swings of tem-

. perature when the lond exceeds the capucity of the
plunt. As 2” to 2.5°C rise nbove 25°C Is considered .
to be the teceptable - Jhmit for  comfort, the .
possible reduction in plant capucity in the case ol
light weight construction will bL much less thun a5
percent. : SR

: Roof Insulation and Partltlon

ln the above cases thc bmldmg module is taken
us u single room without partitions and the roof
is insulated and exposed (top Noor).  The type of
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LOAD .. REDUCTION DUE 1O TEMP. SWING or*z'c
NET LOAD WITW' i 2% teMp SWING

SENSIBLE COOLING LOAD-THOUSANDS K.CAL/MR.
‘ o

roof (Insulnted or uninsuluted) and its exposure
conditions (top or Intermedinte floor) would
influence consideribly the magnitude of the tempe-
rature swing in an cnclosure.  Addition of internal ‘
puartition walls  Increase the internal mass and '
hence reduce the amplitude of* the tempernture
swing to some extent, The cffect of insulation
and the exposed aspects of the roof on the peak
and mean loads for henvy and light weight con- -
structions under. Roorkee (hot dry) and Bombay
(hot humid) summer conditions hdve been deter-
mincd and glven in table 3. The corresponding.

4 ; i
13,000 K.CAL/HR, -

—evnee HEAVY WT.

al v !
AP / se¥as s LIGHT WY,
\ ' gl
LT L
H \ { e 5\\ \ 128

o I KR
TIME. HOURS
PEAATURE BWING DUE TO .Q!‘_D_E.’LQ.!.EE!I._.E.LA...__

24

- E0.5 TEM
. ~FORHEACY.AND LIGHT WEIGH] GONBTAUSTIONAQURKKE)

lcmpcnﬂurc swings tlmt would result if o constant-
cooling sate at meun load level, with and without

_:;:parlit'lolls'llave also been determiited and included

in the sume lable. 1t £a11 be scen that by insulating
the ‘exposed roof a rcducuon of 40 to 45 percent
in foad can be expected, In the case of an

_intermedinte’ floor .as compared to the exposed

{nsulated roof the reduction in the lead will be of the
order of 20-25 per cent.  ‘The addition of partition
wills will have o moderating effect on the tempera-
tute swing and this cifect i3 more prominent in the
case of light welght constructions, 1t can be seen
from the tuble that the reduction, in magnitude of
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‘the temperature swing oblained  dué to the
partitlon walls, is of the otder of 0.5°C in the cage
of heavy w'cight consiruction and 1.5°C in 1he case
of light weight construction,

Concluslons

This computer study, on temperature swing as a
design ¢oncept for air conditioned buildings,
brings out clearly that as much us 40 percent
reduction In nir condlitioning loads Is possible by
uceepting a swing of 2 o 2.5°C above the .design
Icmpciah}_j'c of the indoor air temperature. The
hature and magnitude of the . temperatire  swing
in & building will depend on many fuctors such ns
building design, orientation, climatic exposure
conditions and on the size and operating schedules
of the air conditioning plant:  With the present
day methods and computer facilities it is possible
to arrive at suitable combinations of building
design perimetres  such ns weight of the structure,
glass area, roof insulation, internal masses elc,
which would provide the minimum size plan on
the busis of aceepling 2 1o 2.5°C swing in internul
temperature, for any given place, This coneepl
being theoretically sound, it is worthwhile 1o
explore the pussibilitics of adopting it in practice.
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Table-2

COMPONENT LOADS AT THE TIME OF TOTAL PEAK LOAD AND PEAK LOADS FOR

HEAVY AND LIGHT WEIGHT CONSTRUCTIONS ..
2(a) Hot Dry Climate (Roorkece)

Heavy Welght Construction

Light Weight anstrubtion )

Componént Load at Peak Time of Load at Peak

Time of
the time foud occur- © the time load ' occurretice
of total K. cal/hr. rance Hr. of total o K. calf. Hr.
peak load . peak load ' hr, ! |
(17 Hre.) 16 hrs.

‘K Cal/Hr. K. Cal/hr.
|. Roof 5,110 5,120 18 3,10 3,580 S Wl LT
7 Walls : ; : B _ R
(1) South East . 200 1,300 21 505 " 525 19
(b) South West 490 8OO 22 . 175 i 385 20
i, Windows AREEOIL : ; )
(a) Airto air 1,430 1,470 - 16 . 1,470 1,470 16
(b) Solar heat gain* 1,400 4,070 10 1,440 - 4,070 10
4, Ventilation** 6,130 6,240 16 6,240 - 6,240 - 16
3. lntemai Hcat Sources i ol mies -
(a) Lights 850 850 11 850 850 16
(b) Occupants - 800 800 - 17 800 800 16
'Yotal Load ] 17,410 20,710 15,260 18,220
Tons-Refrigeration  + 3.80 6.90 - 5.09 - 607
~* Shade Coefficlent—0,5 } glass aren—10 percent of floor area.
*# The nir changes affugdr per hour, !
~ 2(b) Hot Humid Climate (Bombay)
Heavy Weight Construction Light Weight Construction -
Load al Peak Time of Load ot Peak A 'Timc of
the time foud gceurrence the time lond - occurrence
Component of tolal K.cal/ . Hr "~ of lotal K. calf Hr.
peak load hr. ' peak load he -
© (16 hrs.) (15 hrs) ‘
K. Calfhr, K. calfhr.
. Roof {0 4,820 5,190 18 - 3,400 3,850 AT
% Walls : : =
(a) South East 1,150 1,215 18 600 Loy SO0 555
. (b) South West © 460 680 - 20 180 - oo 20
3
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3. Windows - ’ ,
~ (8) Airto dir . 520 osE0r 15 SBO;Y . 9808 v AF
(b) Solar heat gain*’ 1,410 3,320" - {0 JESHOL S s, AE300R s . IR
4. Ventilation** 3,140 . 3,410 15 3,410+ " 3,410. 15
5. Internal Heat Sources ' POl TRE
{u) Light 850" RS 16 850 oo BB {5
(b) Occupants 80O 800 it 800" KO- 5
Totni 13,150 16,040: 11,300 13,610
‘Tons-Refrigeration . 4.38 533 3.7% " 453
* Shade Cn}cllluice1i¥--~0.5. (jinss-:urcn.-—lii percent of lloor arvas ; o)
*% The air cliurges ol fresh air per hour.
Tuble-3'
EFFECT OF TYPE OF CONSTRUCTION AND CLIMATE ON TEMPERATURE ‘;WtHG W
(’(}th\N I (,()(pLIN(: /‘cl MI‘AN LOAD:
© Hot Dry (':‘Iiml_ttc (Roorkee)! -Hén‘}.iiini-d’..(zi.i'mqlae (Rombuy)
Mcan  Penk Maximun: Meuir 5 et o Mbsimwm:
Pesign Variable Load Load’ - Temperature. Boad’ Loadiaite. Temperatory
: LK Gl K Cal! bwmg deg, €. K. Calf' - 6 Gdl 0 o Bwing ddg O
T by, hr. B e 4.1 fin et e
o < wom W WA WLE,
A, HEAVY WEIGHT
CONSTRUCTION . Ay 7 ; _
() Lxposed Roof' 16,080- 34770 5.6 A4S o (5350 27580 43 T
(b) Exposed Roof? 10,470 17,4100 26 2.1 795 .\.niau RGN T
() Unc:‘&ptjﬂé(_l Rool® 7,190 IZ bUU 2l L [ CUSTRT - 9200 ERE Y
. LIGHT WEIGHT: & - ' i Y E
* CONSTRUCTION | | ) : |
(u-J Expuosed Rooft - 7,980 _15,?760'* 4:7 K3 2 ©GTRE 144300 2.5¢ (b |
(1) Unexposed Roof® 6,170 2.0 4:840° 7,870 230 far

41,4200 441

A o e gt S e R S B ot £

W.0.P. wii}mul'purti(ion walls,

W.P,

with partiition walls:

j 1.- Uninsulated foof—15cnis RCC shab..

. Insulved roofs -5 ¢y foamed conere lc4 10, RC (s Sl 15 oo I‘iubtér' j

- Intermedigte. floor--15 cm. RCC slab..

4.' Jnsulated—10 em, RC slabi+4-5 e iy space-5.5 e lisulation: Board
| CUIMATECONTROL Hebrunry, (U
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