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Cooling Load Distribution of Large Space Building
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          Abstract: The coo ling and heating lo ad distribution of large area air- conditioned room such as / open0 offices,

shopping malls and waiting rooms is usually assumed to be even in air conditioning system design. However, it

is not the case in realit y, and a low efficient air conditioning system results from this assumpt ion. A simulation

and analysis of t he cooling load distr ibut ion of an office building in Hong Kong with TRANSYS software is

provided in t his paper. A typical office is div ided into 13 zones for simulation, including external zone, medial

zone and internal zone in t he north, the south, the east and the west respectively and a central zone, instead of

4 dir ectional zone. The result shows there is much cooling load difference between each zone, and more atten-

tion should be paid to uneven indoor cooling and heating load distribution to further guide t he design.

Keywords: zonal temperature distribution; cooling index ; internal zone; cooling load distr ibut ion

Article ID:1006- 4982( 2003) 04- 0340- 05

X

  It is well know n that there exists an indoor tempera-

ture distribut ion [ 1] in building rooms. As the distance to

the ex ternal wall varies, the temperature is dif ferent .

How ever, w hen w e design a heat ing, vent ilation and air

condit ioning ( HVAC) system, the indoor air volume is

st ill modeled as / one point0 or / perfect ly mixed0 until re-

cent ly. T his negligence of indoor temperature dist ribu-

t ions is one of the main reasons of the malfunction of the

air-conditioning control system, w hich in turn causes the

complaints of the room occupants about indoor thermal

comfort. Therefore to have more precise predict ions of

the indoor thermal comfort , bet ter cont rol of the indoor

thermal comfort and the indoor thermal conditions, a de-

tailed and fast model of the dynam ic indoor temperature

dist ribut ions is needed.

  So far, computat ional f luid dynamics( CFD) is the

best tool for predicting detailed indoor temperature distr-i

butions. But it is too t ime-consum ing and its cost is not

effect ive. Furthermore, a detailed model of the indoor

temperature dist ribut ions like CFD is really not necessary

since people are not sensit ive to minor temperature

changes ( e. g. , < 0. 5 e ) . Therefore, people have been

trying to f ind a zonal model for the indoor temperature

responses in the past years[ 2) 4] . The basic idea of the

zonal model is to divide the room air volume into several

air zones, each of w hich is assumed to be perfect ly-mixed

and is assigned one temperature. In addit ion, an assump-

t ion of no mass and heat exchanges between two adjacent

air zones is made for the simulation.

  Here a simulat ion of a / large space0 building divided

into 13 zones on the basis of its st ructure and funct ion

w ith TRANSYS softw are is conducted.

1  Simulation and analysis

1. 1  Model description

  One f loor of an of fice building in Hong Kong w ith

the length of 20 m, the w idth of 20 m and the height of

3. 6 m is simulated. Fig. 1 shows the structure of the

glazed envelope
[ 5]

. The opaque sector is made up of

  1) Concrete w all, 0. 24 m;

  2) Insulat ion, 0. 1m;

  3) M etal sheet , 0. 000 5 m;

  4) Air gap ;

  5) Spandrel glass, 0. 008 m.

  The U-value of the opaque sector is 0. 337 W/ ( m2#
K) . T he transparent sector, account ing for 36% of the

external w all, is vision glass w ith a thickness of 0. 008 m

and U-value of 5. 8 W/ ( m2#K) .

  The natural inf ilt rat ion is set to be 1 h
- 1

during the

occupation time from 8: 00 am to 18: 00 pm and 0. 25

h- 1 during the non-occupat ion t ime. The HVAC system

w orking during the occupat ion time has been simulated to

maintain the internal temperature at 24 e and the rela-
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t ive humidity at 50% for every zone. F ive w orking days

and no considerat ion of heat gains of indoor service, hu-

man beings and art if icial lig ht ing are involved in the sim-

ulation.

1 ) Concrete wall; 2 ) Insulat ion; 3 ) Metal sheet ;

4 ) Air gap; 5 ) Vision glass; 6 ) Spandrel glass.

Fig. 1 Structure of glazed envelope

  Generally speaking, a building is divided into several

parts according to dif ferent direct ions. Here for this mod-

el w ith a large space, we divide it into 4 zones ( zones N,

E, S and W) and one central zone ( zone C) , and every

zone of each direct ion is further divided into ex ternal zone

( zones 1, 4, 7 and 10) , medial zone ( zones 2, 5, 8 and

11) and internal zone ( zones 3, 6, 9 and 12) .

  As w e all know, the more zones a building is divided

into, the more accurate the result w ill be, but according-

ly the longer the t ime w ill be consumed. Here 13 zones

are involved in the simulat ion. T he zone dist ribut ion is

shown in Fig. 2.

Fig. 2  Zone distribution

1. 2  Analysis and discussion

1. 2. 1  Summer

  T he average temperature of each zone can be w orked

out on the basis of the dynam ic outside temperature and

the solar radiat ion with the assumpt ion that the average

temperature is equal to the zonal center temperature, and

the temperature variat ion is cont inuous.

  Fig . 3( a) shows the temperature comparison of the

zones in the north w ithout HVAC system operat ion.

From Fig. 3( a) we can see that the closer the zone is to

the external wall, the higher the zonal temperature w ill

be. The daily average temperatures of zones 1, 2 and 3

are 31 e , 29. 3 e and 28. 4 e respect ively. And the

maximum temperatures of zones 1, 2 and 3 are 34. 2 e ,

occurred at 17: 00 pm; 32. 5 e , occurred at 18: 00 pm

and 30. 9 e , occurred at 19: 00 pm. T he max imum tem-

perature difference among these zones is 4 e , occurred

betw een zone 1 and zone 3 at 16: 00 pm. Fig. 3( b) show s

the cooling load comparison of zones in the north w ith

HVAC system operat ion. The daily average cooling load

f rom 7: 00 am to 18: 00 pm of zones 1, 2 and 3 are 8 603

kJ/ h, 1 454 kJ/ h and 273 kJ/ h respect ively, and their

cooling load indexes are 66 W/ m2, 10 W/ m2 and 4 W/

m
2
. It is obvious that great dif ference in zonal tempera-

ture and cooling load exists among those zones.

( a) Comparison of temperature

( b) Comparison of cooling load

Fig. 3  Comparisons of temperature and cooling load of north-

ern zones in summer
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  Fig . 4 ( a ) show s the temperature comparison of

zones in the east w ithout HVAC system operat ion. The

daily average temperatures of zones 4, 5 and 6 are 31. 2

e , 29. 5 e and 28. 4 e respect ively . And the max-i

mum temperatures of zones 4, 5 and 6 are 34 e , oc-

curred at 17: 00 pm ; 32. 3 e , occurred at 17: 00 pm and

30. 7 e , occurred at 18: 00 pm. T he max imum tempera-

ture difference among these zones is 4. 1 e , occurred be-

tw een zone 4 and zone 6 at 13: 00 pm. Fig. 4( b) show s

the cooling load comparison of zones in the east w ith

HVAC system operat ion. The daily average cooling load

from 7: 00 am to 18: 00 pm of zones 4, 5 and 6 are 8 930

kJ/ h, 1500 kJ/ h and 278 kJ/ h respect ively, and their

cooling load indexes are 69 W/ m2, 11 W/ m2 and 4 W/

m2.

( a) Comparison of temperature

( b) Comparison of cooling load

Fig. 4  Comparisons of temperature and cooling load of east-

ern zones in summer

  Fig . 5 ( a ) show s the temperature comparison of

zones in the south w ithout HVAC system operat ion. The

daily average temperatures of zones 7, 8 and 9 are 31. 5

e , 29. 6 e and 28. 5 e respect ively . And the max-i

mum temperatures of zones 7, 8 and 9 are 33. 9 e , oc-

curred at 17: 00 pm; 32. 3 e , occurred at 18: 00 pm and

30. 8 e , occurred at 19: 00 pm. The maximum tempera-

ture difference among these zones is 5 e , occurred be-

tween zone 7 and zone 9 at 16: 00 pm. Fig. 5( b) show s

the cooling load comparison of zones in the south w ith

HVAC system operat ion. The daily average cooling load

f rom 7: 00 am to 18: 00 pm of zones 7, 8 and 9 are 9 624

kJ/ h, 1 588 kJ/ h and 289 kJ/ h respect ively, and their

cooling load indexes are 74 W/ m2, 11 W/ m2 and 4 W/

m2.

( a) Comparison of temperature

( b) Comparison of cooling load

Fig. 5  Comparisons of temperature and cooling load of south-

ern zones in summer

  Fig. 6 ( a ) show s the temperature comparison of

zones in the w est w ithout HVAC system operat ion. T he

daily average temperatures of zones 10, 11 and 12 are

31. 8 e , 29. 7 e and 28. 5 e respect ively . And the

maximum temperatures of zones 10, 11 and 12 are 36. 4

e , occurred at 18: 00 pm; 33. 7 e , occurred at 19: 00

pm and 31. 3 e , occurred at 19: 00 pm. T he maximum

temperature difference among these zones is 5. 8 e , oc-

curred between zone 10 and zone 12 at 18: 00 pm. Fig. 6

( b) shows the cooling load comparison of zones in the
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west w ith HVAC system operation. T he daily average

cooling load from 7: 00 am to 18: 00 pm of zones 7, 8 and

9 are 10 019 kJ/ h, 1 643 kJ/ h and 295 kJ/ h respect ive-

ly, and their cooling load indexes are 77 W/ m2, 12 W/

m2 and 4 W/ m2.

  Figs. 7 and 8 show the daily average zonal tempera-

ture dist ribution ( isotherm) in summer and winter. We

can see that the central temperature is 28. 1 e in summer

and 16. 7 e in w inter. The denser the isotherm is, the

( a) Comparison of temperature

( b) Comparison of cooling load

Fig. 6  Comparisons of temperature and cooling load of west-

ern zones in summer

Fig. 7 Zonal temperature distribution in summer

higher the zonal temperature w ill be. In summer, zonal

temperature in the w est is higher than that in the north,

the east and the south. In w inter, zonal temperature in

the south is obviously higher than that in other direc-

t ions. External zonal temperature is higher than that of

medial and internal zone both in summer and w inter.

Fig. 8  Zonal temperature distribution in winter

1. 2. 2  Winter

  Fig. 9 shows the temperature comparison of zones in

dif ferent directions in w inter without HVAC system op-

erat ion. For zones in the north, the maximum tempera-

ture difference is 1. 9 e , occurred betw een zone 1 and

zone 3 at 14: 00 pm. For zones in the east , the maximum

temperature difference is 2. 7 e , occurred betw een zone

4 and zone 6 at 12: 00 pm. For zones in the south, the

maximum temperature difference is 8. 7 e , occurred be-

tween zone 7 and zone 9 at 15: 00 pm. For zones in the

w est, the max imum temperature difference is 4. 4 e ,

occurred between zone 10 and zone 12 at 17: 00 pm.

During the non-working t ime, the ex ternal zonal temper-

ature is low er than that of medial and internal zone be-

cause of the low outside temperature. In addit ion, air

conditioning is only required for zone 7 and zone 10 some-

t imes in w inter. In this case w e can increase the f resh air

supply to save energy .

  The simulation result in a w hole year show s the

maximum annually average zonal temperature is 25. 7 e
in zone 7, and the m inimum value is 23. 1 e in the cen-

tral zone, zone C, w ithout HVAC system operat ion. As

for the cooling indexes, the maximum value is 381 MJ/

m
2
, occurred in zone 7, and the minimum value is 7 MJ/

m
2
, occurred in zone C.
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Fig. 9 Temperature comparison of zones in winter

2  Conclusions

  The study shows the temperature distribut ion is

quite uneven in large space rooms or buildings. Here the

building has been divided into many small zones and a

simulation has been couducted. The results show the

external zonal temperature is higher than that of medial

and internal zones. In summer the maximum tempera-

ture difference is 5. 8 e , occurred betw een zone 10 and

zone 12 in the w est at 18: 00 pm , and in winter the

max imum temperature difference is 8. 7 e , occurred

between zone 7 and zone 9 at 15: 00 pm.

  The temperature dif ference accordingly leads to the

cooling dif ference. In a w hole year, the maximum an-

nually average cooling index is 381 M J/ m2, occurred in

zone 7, but the minimum value is only 7 MJ/ m2, oc-

curred in zone C. Therefore, more attention should be

paid to the difference to ensure a reasonable design and

effect ive operat ion of HVAC system. Meanwhile, it can

save energy and improve human comfort .

  However, the actual result may be a litt le dif ferent

from the simulat ion because of the assumpt ions made for

the calculation. T he simulation accuracy is related to the

number of zones a building is divided into. Theoret ically

speaking, the more zones a building is divided into, the

more accurate the result w ill be, and accordingly the

longer the t ime will be taken.
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