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ABSTRACT 

In this study the internal temperature variations 

and heat flow of an actual, unconditioned room located in a 

top floor of a brick masonry residential building were 

measured for the climatic conditions of Delhi. The 

experimental observations were recorded for a period of one 

year, namely, 12 months. The air temperatures and relative 

humidity in the test room and outside were recorded 

continuously for all the twelve months. Hourly observations 

of heat flow rates and temperatures of different surfaces 

were recorded for a period of 24 to 36 hours at a time, 

usually atleast, once in a month. 

The extent of applicability of two methods, namely, 

admittance and transmission matrix methods, to a room in top 

floor of a multistorey building located in Delhi, in the 

prediction of temperature or heat flow was studied. The 

admittance method was used to predict both internal 

temperature and heat flow into the room and the transmission 

matrix method was utilised for the prediction of heat flow, 

after both the methods were suitably modified to take into 

account the various factors, namely, longwave radiation loss 

from the external surfaces, shadows cast by adjacent 

buildings, effect of shading devices, longwave radiation 

exchange among the nternal surfaces of the room and the 

effect of external surface heat transfer coefficient. 

The relevance of approximate methods in predicting 

the heat flow, in an unconditioned room, using empirical 



fabric performance factors such as time-lag and decrement 

factor was studied. The approximate method, for conditioned 

environment, suggested by Koenigsberger et al, has been 

modified suitably for the unconditioned environment and 

utilised in this study. 

Finally the sensitivity of the thermal response to 

building fabric variables was investigated. 

The temperatures inside the test room, predicted by 

the admittance method closely followed the measured 

temperatures during the days which were not drastically 

different in their external temperatures and in the intensity 

of solar radiation from one another. In this context, the 

values of room air temperature seem to be not sensitive to a 

variation of solar radiation even upto an extent of +20%. The 

predicted internal tempeatures were reasonably close to the 

measured temperatures even though the mean external 
0 

temperature of previous days varied by about +2.0 C. The room 

air temperatures were not well predicted by the admittance 

method during the seasonal changes. 

Both the admittance and the transmission matrix 

methods predicted equally well the heat flow during the 

steady cyclic periods. The admittance method could not 

predict the values of heat flow accurately if the unsteady 

regime was continuously persistent. Whereas, the 

transmission matrix method could predict slightly better 

values of heat flow compared to the admittance method. 

The agreement between the measured values of heat 

flow and those obtained by an approximate method suggested by 



v 

Koenigsberger et al, was good. 

It was observed that, in unconditioned buildings, 

the considerable expense of the treatments like reflective 

aluminium foil on the roof, higher value of exterior surface 

heat transfer coefficient, increased thickness of roof slab 

and walls and additional insulation in the ceiling was not 

really worthwhile as the treatments couldnot bring down the 

mean temperature of the room. 



CONTENTS 

Page 

Certificate 

Acknowledgement 	 ii 

Abstract 	 iii 

Contents 	 vi 

List of figures 	 xiii 

List of tables 	 xv 

List of symbols 	 xviii 

CHAPTER - I 

INTRODUCTION 	 1 

1.1 General 	 1 

1.2 Objective of the Study 	 2 

1.2.1 Scope of the study 

1.2.2 Experimental study 	4 

1.2.3 Methods of analysis 	5 

1.3 Format 	 5 

CHAPTER - II 

REVIEW OF LITERATURE 	 7 

2.1 General 	 7 

2.2 Climate Types and Thermal Requirements for 

Buildings 	 7 

2.2.1 Warm-humid equatorial climate - sub 
group: Warm-humid island or trade- 
wind climate 
	 7 

2.2.2 Hot-dry desert or semi-desert 
climate - sub-group: Hot-dry 
maritime desert climate 
	8 

2.2.3 Composite or monsoon climate - sub 



vii 

Page 

group: Tropical upland climate 	9 

2.2.4 Climatic data of Delhi 	10 

2.3 Heat Transfer Processes 	 14 

2.3.1 Conductive heat transfer 	14 

2.3.2 Convective heat transfer 	15 

2.3.2.1 Measurement of air 
infiltration 	16 

2.3.3 Radiative heat transfer 	22 

2.4 Thermal Calculation Methods 	23 

2.4.1 Analogue methods 	 24 

2.4.2 Numerical methods 	25 

2.4.3 Analytical techniques 	27 

2.4.3.1 Time domain methods 	27 

2.4.3.2 Frequency domain methods 	28 

2.4.4 Experimental investigations 	30 

2.4.5 Analytical case studies 	45 

2.4.6 Computer simulation studies 	55 

2.4.6.1 Purpose of ESP 	57 

2.4.6.2 Structure of ESP 	57 

2.4.6.3 Purpose of HARMON 	66 

CHAPTER - III 

METHODS OF ANALYSIS 	 68 

3.1 General 	 68 

3.2 Admittance Method 	 68 

3.2.1 Principle 	 69 

3.2.2 Steps involved to predict the 
internal environmental temperature 	69 

3.3 Modifications Incorporated into the 



v itt  

Page 
Admittance Procedure in Connection with 

the Present Case Study 	 70 

3.3.1 External temperature pattern 	70 

3.3.2 Intensity of solar radiation 	71 

3.3.3 Effect of direct radiation through 
transparent surface 	71 

3.3.4 Effect of overhang and side fins of 
a window 	 71 

3.3.5 Effect of shading due to cluster of 
neighbouring buildings 	72 

3.3.6 External surface resistance 	73 

3.3.7 Longwave radiation loss 	73 

3.4 Transmission Matrix Method 	74 

3.4.1 Theory 	 74 

3.5 Modifications incorporated into the 

Transmission Matrix Method in Connection 

with the Present Case Study 	78 

3.5.1 Effect of infiltration 	78 

3.5.2 Effect of radiation through windows 	79 

3.5.3 Effect of shortwave radiation and 
longwave radiation exchange between 
external surfaces and the sky vault 
and the surroundings 	79 

3.5.4 Effect of longwave radiation 
exchange among the internal surfaces 
of the room 	 81 

3.3.5 Effect of shading due to overhang 
and fins over a window and due to 
adjacent building 	 82 

3.6 Approximate Method 
	

82 

CHAPTER - IV 

EXPERIMENTAL INVESTIGATIONS AND 



GENERAL OBSERVATION OF DATA 

	

4.1 	General 

	

4.2 	Experimental Investigation 

ix 

Page 

85 

85 

85 

4.2.1 Description of test room 85 

4.2.2 Measurement of internal and external 
climatic parameters 90 

4.2.2.1 	Measuring instruments 90 

4.2.2.1.1 	Whirling hygro- 
meter 91 

4.2.2.1.2 	Thermohygrographs 91 

4.2.2.1.3 	Thermoelectric 
pyranometer with 
an integrator 94 

4.2.2.1.4 	Globe thermometer 96 

4.2.2.1.5 	Heat flow meter 97 

4.2.2.1.6 	Kata thermometer 97 

4.2.2.1.7 	Six's thermometer 99 

4.2.3 Observations. 100 

4.2.4 Determination of thermophysical 
properties of materials used in the 
construction 102 

4.3 General Observations of Data 105 

4.4 Analysis of Data 106 

4.4.1 Mean temperature and mean relative 
humidity 106 

4.4.2 Determination of rate of infiltration 
in the test room 106 

4.4.3 Time-lag and decrement factor 112 

4.4.4 Room air temperature 113 

4.4.5 Heat flow 117 



Page 

CHAPTER - V 

RESULTS AND DISCUSSION 	 119 

5.1 General 	 119 

5.2 Time-lag and Decrement factor 	119 

5.2.1 Inferences 	 128 

5.3 Internal Temperatures 	 128 

5.3.1 Room air temperature - category I 	129 

5.3.1.1 Effect of higher infiltra-
tion (ventilation) rate on 
internal air temperature 

	
138 

5.3.1.2 Effect of variable infil-
tration (ventilation) rate 
on internal air temperature 141 

5.3.2 Room air temperature - category II 	145 

5.3.3 Room air temperature - category III 	157 

5.3.4 Room air temperature - category IV 	175 

5.3.5 Room air temperature - category V 	186 

5.3.6 Room air temperature - transient 
regime 	 189 

5.3.7 Inferences 	 201 

5.3.8 Temperature of surfaces 	202 

5.4 Heat Flow 	 209 

5.4.1 Calculation of heat flow by approxi- 
mate method 	 219 

5.5 Study of Comfort Level in the Test Room 	224 

CHAPTER - VI 

SENSITIVITY OF THE THERMAL PERFORMANCE TO 

BUILDING FABRIC VARIABLES 	 228 

6.1 General 	 228 

6.2 Effect of Thickness of Walls 	229 



xi 

Page 

6.3 Effect of Thickness of Roof 	231 

6.4 Effect of Additional Insulation 	235 

6.5 Effect of Roof Treatment with Reflective 

Aluminium Foil 	 235 

6.6 Effect of Higher Surface Heat Transfer 

Coefficient 	 237 

6.7,  Effect of Moisture in the Building 

Materials 	 241 

6.8 Effect due to a Combination of Increased 

Surface Heat Transfer Coefficient, Roof 

Treated with a Reflective Aluminium Foil, 

Walls of 0.34m Thick and a Roof Slab of 

0.15m Thick 	 243 

CHAPTER - VII 

CONCLUSIONS AND SUGGESTION FOR FURTHER WORK 	244 

7.1 Conclusions 	 244 

7.2 Suggestions for Further Work 	246 

APPENDIX 

A 	Hourly horizontal global solar radiation 	248 

B Recorded data of temperature and relative 

humidity 	 261 

C 	Equations involved in the admittance method 315 

D Incorporation of variable ventilation in 

admittance method 	 318 

E Calculation of solar radiation impinging on 

any surface from the available hourly global 

radiation 	 320 



xii 

Page 
F 	Procedure to evaluate the shading area on 

the building caused by neighbouring building 327 

G Determination of the value of longwave 

radiation loss 	 331 

H Sample calculation for finding out the heat 

gain by conduction by using transmission 

matrix method 	 333 

I 	Specifications of the instruments used in 

the study 	 341 

J Details of the computer programs used in 

the study 	 344 

K 	Typical readings of globe thermometer and 

corresponding dry bulb temperature 	366 

L Sample calculation for determining the 

heat flow by approximate method 	367 

REFERENCES 	 369 

Bio-data of the Author 	 380 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

