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The main objective of passive cooling is to achieve indoor thermal comfort during the overheated period of the
year. There are various methods for passive cooling, but the main emphasis in this present study is on cooling of
- the indoor space with thermal mass of a building by introducing the cooler outdoor air during the night and to
utilize the cooling effect achieved, during the next day. For this purpose, shading from the incidence solar
radiation also has a great significance.

Though the indoor thermal comfort depends on room temperature, mean radiant temperature, humidity and air
flow, mainly the indoor air temperature has been analyzed here while assessing the performance of a passive

system. The study has been carried out mainly in several parts :

1. Experiment using a passive solar test house with thermal storage floor and nighttime ventilation in a Japanese
location.

2. Numerical simulation
[a.] Comparison between the computer simulation and experiment data.
[b.] Detailed parametric study for a Japanese location.
[c.] Comparative analysis for a few Japanese cities.

3. Field investigation of indoor thermal environment in residential buildings under different tropical climatic
conditions in India.

4. Experiment during summer using scale models of Brick walls with RC slab on grade and flat RC roof

construction, and evaluation of external insulation compared to conventional tropical building envelop in
maintaining a stable indoor temperature.
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5. Numerical simulation considering single zone model with earth-contact floor slab
[a.] Comparative evaluation of the scale model with measurement.
[b.]Development of a real scale model having single habitable zone.

[c.] Detail Parametric study considering the same model under the climatic background of one tropical
location, and selection of parameters having distinct impact.

[d.] Comparative analysis for a few cities belonging to different climatic background considering the
parameters selected from the previous step.

Chapter 1 describes the background, various levels of cooling strategies, cooling principles considered, the scope
and objective of the study.

Chapter 2 illustrates the performance of a few passive cooling strategies in the Japanese context numerically, and
also experimentally using a passive solar test house. To sum up the results:

e Natural ventilation in combination with thermal mass was found to be quite effective for space cooling.
Among the preset volume of ventilations, 10 ACH during the night have shown reasonably good results.

e As the cases were carried out for short periods, some of those did not produce expected results possibly due to
the impact of their previous case(s) which might have influenced the results of the following ones.

e The numerical method was found to have a fairly good level of correlation with the experiment results. The
agreement error was within a limit of -17% to +5.5%.

o The parametric study revealed that nighttime ventilation with thermal mass can lower the daytime average
indoor temperature by about 9 degC in some cities and, increasing depth of thermal mass or the rate of night
ventilation do not produce any additional effect, beyond a certain extent. Increasing the surface area is rather
beneficial. :

¢ From the regional comparative analysis, Naha didn't appear to have much of outdoor temperature swing to
produce noticeable impact of the cooling strategies adopted here. Osaka and Kagoshima have shown almost
similar trend in this regard.

e  As the solar radiation in some of the cities was rather high for the considered period, the effect of shading was

quite distinct there compared to the other cities.

In Chapter 3, a field investigation to find the present state of cooling methods and indoor environment with
occupant's response during the summer in some tropical cities is described. It is found that:
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Among all the samples, those from Calcutta and New Delhi have reflected the impact of lifestyle and building
features on the indoor thermal environment.

In general, the indoor environment was found to be quite stable. There was very little daily temperature
fluctuation indoors due to massive construction, though the average indoor temperature lies 2-3 °C above than
that of outdoor in many of the cases.

It is observed that in the cases of single family detached houses, or apartment houses on the upper floor show
a problem of overheating during the afternoon hours, due to the incident solar radiation on the roof slab. The
rise in indoor temperature and its daily fluctuation were quite distinct in those cases compared to the adjacent
spaces.

The cases in moderate and composite climates were quite close to the comfort zone defined by ASHRAE (55-
1992), compared to the samples in warm and humid regions. Except a few cases there was no complaint about
the indoor environment, acclimatization (getting used to a condition) to the climate could be the main reason
for this.

Having the feedback from the previous chapters on the impact of thermal mass in conjunction with nighttime
ventilation, exposure of building mass during the overheated hours; a set of experiments have been conducted in
newly built scale models constructed in the same way as in tropical countries by brick and RC. The purpose of the
experiments was to investigate the summertime impact of night ventilation on building mass equipped with
external thermal insulation. The results of these experiments have been illustrated in Chapter 4. The major
findings are as follows:

Nighttime ventilation can lower the indoor temperature to a great extent, but the benefit of heat removal
during night from the thermal mass can not be utilized properly due the exposure of the building envelop to
the incident solar radiation.

Apart from shading the window, if the building envelop is thermally insulated, a proper utilization of the heat
sink effect of the thermal mass during the daytime is possible.

External thermal insulation protects the building mass from solar heat gain, and as a result produces a stable
indoor temperature, provided there is some heat removal from the mass during the night.

Chapter 5 describes a numerical study with a single zone model of full scale under various tropical climatic

background and aims to have a comparative performance analysis of the parametric variations under different
tropical climatic potentials.
The main conclusions are as follows:

From the comparison between measurement and calculation results under 0, 10 and 20 ACH of nighttime
(18:00 PM to 6:00 AM in the next morning) ventilation, It is found that the measured and calculated values
are in a good correlation, especially in the cases of 10 and 20 ACH. The agreement error is within a limit of
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+15%.

e From the detail parametric study for one city, it becomes clear that night ventilation alone cannot result in a
big drop in room temperature, if there is not any protection to the massive structure from the incident solar
radiation.

e Insulating the building mass of conventional thickness and having a reasonable night ventilation results in
better thermal environment compared to uninsulated mass of double thickness having the same rate (10 ACH)
of night ventilation.

e  For a heavier building mass with external insulation, nighttime ventilation rate has to be increased (sometimes,
20 ACH) to get better result. whereas for building mass of conventional thickness 10 ACH appears to be the
optimum amount, beyond that it does not produce any additional benefit. '

Chapter 6, the last chapter concludes this dissertation with conclusive summaries of different chapters, and a few
directions for future research work.

Future research work

In the research work presented in this dissertation, the main focus for evaluation of indoor comfort has been
passive control of temperature. But Moisture content also indeed plays a vital role in indoor thermal comfort. The
control of moisture and its transportation via porous material is a definite direction of future research.

In the present study, research is based on a one-room model. This case is indeed far-fetched from a real life

situation and thus in future it is envisaged to perform extensive studies on the basis of Multi-room model to
capture the essence of real life conditions of indoor thermal comfort.
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