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1. J ntroduction 

H0.ccntly, Srivilstavil et al (I) lwve r e ported the design 
and thermal performance of a hostel building using passive 
cooling approaches for a Jodhpur climate in India. The 
proposed hostel was of 14 single-room apartments with a 
toilet and kichenette and with two lobby rooms with a 
provision of a tower on the roof of the lobby. Cool air 
can enter into various rooms through the lobby. 

The fol.lowing coolinq 11ppro;iches have been built into the 
design of a hostel suitable [or semiarid climatic condi­
tions (,Jodhpur, India): 

o a tower has been erected over the lobby; 
o a courtyard for free 11ir movement is provided; 
o rooms have been built partially sunk; 
o a fan with water evilporative pads has been provided 

in room; 
o evaporative cooling system over the roof has been used; 
o white painting has been used on the roof. 

In order to analyse the per(ormance of the proposed design, 
they have developed a periodic analysis of the system based 
on Fourier series (in time) expansions of solar insolation 
and ambient air temperature. They have only considered a 
unit of seven rooms, one lohby and a courtyard for the 
analysis, with the following assumptions: 

the walls are single-layered structures made of stone; 

heat flow has been averaged over the time period for 
partitioned walls; 

th e re is continuous operation of a fan with an evapora­
t. i ll'l J!ild; 
ilV<'ril<jC f[OW VC'IOcity Of ,~ir throuqh lower has been 
lilk r n into ilccounL; 
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cool air coming through thr tow0r has been distributcd 
equally in all rooms; 

heat loss through the sunk portion of the walls and 
the floor has been taken into account by solving th<' 
one-dimensional heat conduction equation; 

heat capacities of the partition walls are equally 
divided and have been taken into account in the iso­
thermal mass of the respective rooms. 

On the basis of tht'ir num('ricill cillculilt ions, they have 
produced the following results: 

partially sunk rooms give a better cooling e[fect than 
others; 

evaporative cooling over the roof and cooling (an 
alone gives better thermal load levelling than any 
other combinations of cooling systems; 

tower and PXhaust chim110ys 9ivC' a hPttC'r cooling 
crrcct in nigh! lh;rn untreated rooms; 

changing the flow rate of the cooling fan has an insig­
nificant effect on its performance. 

Jodhpur is a representative of the semiarid climate in 
India where, in summer, the maximum ambient air temperature 
is 40°C, relative humidity is 28% and substantial wind in 
the south-east direction is present. Under this type of 
climatic conditions, the use of a tower and exhaust fan 
during the day is not useful. llence, one should open the 
tower with evaporating pilds during the night-time, when 
ambient air temperature becomes very low, as suggested hy 
Srivastava et al. (1). This effect has not been considered 
explicitly in the analysis by Srivastava et al. ( 1). They 
have considered an average value of wind velocity through­
out the day due to which its effect is adverse during the 
day (curve 3 ·of their Fig. 3). lllso, the use of a desert 
cooler throughout the day is not advisable because the 
hostels are generally not used during the day-time, hence, 
it is necessary to see the e[fect of intermittent use of 
the desert cooler on its performance, which has also not 
been considered by Srivastava et al. (1) in their analysis. 

In this communication, a comprehensive analysis of the 
proposed design by incorporating the effect of intermittent 
use of tower opening and desert cooler has been presented. 
Some modification in the design has also been made. It 
was observed that the fluctuation in room temperatures 
observed previously is reduced significantly, which is 
important from the thermal comfort point of view in design­
ing any solar house. 

'l'he modificC1tions proposerl in the dcsiqn or hostels Cll'C" 

ns follows: 

l\J I walls exposed Io th<' ill rnosphcrc' !;hnuld lie' whit<' 
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After knowing (T. ), the room air temperature TJ.R can be 
calculated from Jn equation ( 12). 

3. Results and Discussion 

Equation ( 14) has been computerised for determining the 
room air temperature for the same sets of parameters as 
used by Srivastava et al.Ill except a change in the value 
o[ isothermal mass and intermittent use of tower, desert 
cooler and intermittent value of some heat transfer coef­
ficients, as mentioned in the Introduction and Analysis. 

Figure 2 shows the variation of the room air temperature of 
room 1. Curve 1 represents the room air temperature with­
out any treatment, for comparison purposes. The variation 
of the room air temperature with use of the tower and 
exhaust chimney during the night is shown by curve 2. It 
is clear from the curve that use of the tower gives more 
comfortable temperature along with load levelling, in com­
parison with the analysis of Srivastava et al.(1) (dashed 
line) because they have not considered this effect expli­
citly. Also, the variation in temperature due to the tower 
and desert cooler are exactly the same, and approach the 
same behaviour as obtained by the evaporative cooling 
system. Since water is an acute problem in desert areas, 
one should always prefer to use a tower or desert cooler 
during off-sunshine hours, when the ambient air temperature 
becomes very low. 

Time or the day (hi 

Fig. 2. Variation of the room air temperature of room 1 
with time. (I) Without any treatment; (II) tower and 
exhaust chimneys open cit night: (a) Srivastava et al. ( 1), 
(b) present model; (Ill, desert coolrr fan working at m = 
0.5 ~g/s, '1'

0 
= 20°C along_ tower and eXhilust chimneys onl~ 

1n night; (IV) evaporilt1on cooling [ 1 ]. 

further, on the b;isis of the numericcil calculations, in 
ilnclition to the ;ibove results, thr> other conclusions can 
''" ~;ummariz"cl in th<' followinq form: 
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Opening of windows during night-time, along with a 
water pad, also gives a more comfortable temperature 
range (1-1.5°C below curve 1), due to the fact that 
cross-ventilation occurs between the window and ex­
haust chimney. 

Opening of windows has an insignificant effect during 
operation of the tower or desert cooler during the 
night, but gives an adverse effect. 

The operation of the tower and desert cooler gives a 
significant effect in the first-floor rooms, in compa­
rison to the ground-floor rooms. 

The decrease in isothermal mass, i.e. replacement of 
partition wall by wood, tends to give more fluctuation 
in room temperature. 

The combined e[fect of the tower and desert cooler 
during night hours gives better performance than the 
evaporative cooling system (average No. 1 room air tem­
perature is about 23°C). 

The use of the tower and desert cooler, working at 20°C 
during night hours, along with the evaporative cooling 
system over the roof, gives the best results among the 
rest of the combinations of Vilrious cooling appro,1ches 
(average No.1 room air temperature is abou~ 21-22°C). 
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5. Nomenclature 

Specific heat (J/kg"C) 2 
llcat transfer Coeffici<'nl(W/m "C) 
Heat capacity (J/"C) 
Mass flow ratr (kg/s) 

Rate of hpat transfer (W/m
2

l 
Tcmp<>rat11re ("C) 

a,T = Ab,orptivity and 
trnn~mitl ivily 

Superscripts 

C,Ch Conlf'r .1nci Tnwrr 
D, IS Door and lsol11Prmal 
j-k jth to kth 
I' ,R ,W 
WI 

Floor,roof mld W;ll I 
Window 


