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Influence of Thermal  insulation on conductive heat transfer through roof ceiling construction
B. M. Suman and R. K. Srivastava 

(Central Building Research Institute, Roorkee (CBRI) UA, India-247667)

This study determines influence of thermal insulation on conductive heat transfer through roof-ceiling construction when thermal insulation material was integrated to roofing system. Two pairs of two identical rooms, respective roofs were equipped with  insulation to be tested; i) polystyrene and its identical pair with no insulation, and ii) fiberglass, and its pair with no insulation material . Roof with no insulation roof was considered as  reference. Roof with polystyrene performed better than other roof insulation. 

Introduction

Thermal insulation of roof ceiling is essential to reduce incoming heat flux, since major heat transfer (>60%)  occurs through roof in composite climate.  Use of outside roof insulation is very much effective in composite climate, where a particular season occurs for >6 months and may experience other season for the remaining period. Roorkee has been chosen for this study because summer occurs for six months and remaining period of the year are cold and rainy. Major part of India also lies in this climate where heat gain through roof is a main problem. 
Among studies 1-5 on performance of individual insulation, some studies 6-8 have been made to evaluate roofing insulation by computing thermal parameters (decrement factor
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, phase lag 
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 and overall thermal transmittance value U). A study 9 based on comfort level states about the selection of suitable roof constructions for warm climates. A lot of study have been made for evaluation of thermal insulation experimentally, supported by theoretical simulation10-14.  Field experiment based studies are required to find accurate evaluation of insulation in terms of    energy   conservation   in air-conditioned (AC) buildings and achieve  thermally comfortable environment  in non AC buildings.  

This study compares performance of thermal insulation of roofing system with    expanded polystyrene (EPS) and fiberglass (FG) with conventional roof having no insulation (reference).

Experimental Details
Two pairs (A and B types ) of rooms (rooms of each pair has same dimension, specification, orientation and constructions ) were constructed at CBRI Roorkee. Roof of A type of identical rooms (size, 3.45 X 3.2 X 3.14 m3 ) was treated with 5.0 cm thick thermo Cole (density 18 Kg/m3). Roof of B type  of identical rooms ( size, 3m X 3mX 3m) was treated with 5cm thick FG (density, 32kg/m3). Thermal insulation, applied with bitumen coat on roof surface, acts as binder between insulation and roof. A thin polythene sheet covered thermal insulation and brick tiles (3.5 cm thick) were laid on it to protect insulation from direct exposure to weather. Roofs of other rooms (10cm thick of RCC with plastered ceiling) were kept untreated (Fig.1).  

Methodology

Difference between ceiling temperature and indoor air temperature of both  treated and untreated roof, when exposed under same environmental condition, certainly evaluates performance of application of insulation. Overall thermal transmittance value (U) of untreated roof section ( 3.59 W/m2K) comes down by application of   FG  ( 0.62 W/m2K) and EPS (0.53 W/m2 K) which are close to the recommended  U-value  of exposed roof section for AC building10  (0.58W/m2 K). Rendering of brick tiles over polythene and thermal insulation application has been made for finishing and protection of water seepage into the roof.

Field Observation

Field investigation on performance of roof insulation has been conducted in peak summer months (April – May 2006) under same environmental condition with no shading on the rooms.  Outdoor air temperature, upper surface temperature of roof, ceiling temperature and  indoor  air  temperature  of   both  treated  and  untreated  rooms have been recorded (Figs 2-4 ) in this study. Time lag (Φ) was computed using observed roof upper surface temperature and ceiling temperature and decrement factor was determined by outdoor and indoor air temperatures. Corresponding U-value and thermal resistance ( R ) for untreated and treated roof section with fiberglass and EPS were computed (Table 1).
Time lag, Φ (h) is the time delay of reaching peak (maximum) outdoor temperature to peak (maximum) indoor surface temperature and given as
Φ= Difference of time occurring of Tos to the time of occurring of Tis.

Decrement factor (
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) is the ratio of indoor temperature amplitude to outdoor  temperature amplitude, and expressed as
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Where,  Tos-    Upper roof surface temperature,  Tis-     ceiling temperature,
      Timax-  Maximum indoor air temperature,  Timin-  Minimum indoor air temperature

Tomax- Maximum outdoor air temperature,  Tomin-  Minimum outdoor air temperature

Result and Discussion

Maximum ceiling temperature of untreated roof is found higher than all other treated roof. By comparing treated roofs, it is observed that performance of EPS thermal insulation is 1.5oC in ceiling temperature than FG slab insulation, while upper roof surface temperature for all rooms are same. Similar trends were observed for outdoor air temperature of the day, for treated and untreated rooms.

An earlier study12 has shown energy saving (22 - 24 %) by roof insulation for AC rooms. In present experiment, net advantage of 2 - 3 0C has been observed in indoor air temperature for treated room with FG and EPS as compared to untreated rooms. Similarly, reduction in roof temperature between upper surface and bottom surface (ceiling) for untreated roof is 19 0C against the roof treated with FG (24.5 0C) and EPS (26 0C). Net reduction in ceiling temperature comparing with untreated roof to roof   treated with FG and EPS are 5.5 0C and 7 0C respectively. Performance of EPS insulation and FG is found by comparing with 1.5 0C temperature difference in surface temperature and 2 0C in case of air temperature for peak hour of the day.

Lower 
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 and larger Φ is the criteria for better building section. In field experiment, EPS thermal insulation shows better performance than FG. Thermal resistance produced by treated roof was found double or more than double than resistance produced by untreated conventional roof  (Table 1).

Conclusions
Peak ceiling temperature of untreated roof has been lowered by 17 oC  in top roof surface temperature. Similarly,   ceiling   temperature   of   treated  roof  has been lowered by 24.5 - 26 oC in roof surface temperature. EPS thermal insulation shows better performance than FG. Thermal resistance produced by treated roof was found double or more than double than resistance produced by untreated conventional roof.
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Table  1.   Parameters of untreated and treated roof sections 

                                              Derived parameters                    Computed parameters

Roof section                  Decrement factor    Time lag          U – value            R – value 

                                                 (
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)                    (Φ)                  (W/m2K)            (m2K/W)

_____________________________________________________________

Untreated section                  0.182                    3.5                  4.87                   0.076 
Treated with fiberglass          0.075                    8.5                     0.58                   1.470    

Treated with EPS                   0.060                  10.0                     0.51                   1.710
Treated with perlite conc.      0.080                    7.0                     1.47                   0.755
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