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Abstract:- The role of surface temperature is rarely been
studied when it comes to thermal comfort issues. This
paper aims to identify the effect of the surface
temperature of vertical entities of built masses on thermal
comfort parameters. The existing neighbourhood at
NOIDA, Delhi NCR with varying morphological
character and variation in heights and orientations was
selected. The results showed that Surface temperature did
not affect greatly to PET, whereas the effect on Tmrt was
significant for most of the scenarios. The relationships
with the east-facing surfaces could be observed whereas
due to the longer exposure to direct solar radiation, the
relationship with S, SW, SE surfaces is moderate. A
negative effect on thermal comfort was observed as the
height of the vertical surface increased. The study will
help improve the understanding of the morphological
configuration to reduce the surface temperature and
eventually in achieving a better thermal comfort level.
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I INTRODUCTION

Currently, more than half of the world lives in urban
areas. Urban residential neighbourhoods are important for the
growth of their inhabitants. It is important that these
neighbourhoods are safe, habitable and comfortable in all
aspects. The outdoor thermal comfort level of these
neighbourhoods is one of the aspects which needs to be
considered since most of the day-to-day activities are
dependent on outdoor open spaces. Recently attention is
being given to understanding the outdoor thermal comfort in
Indian cities. Several studies have evaluated thermal
neutrality (Banerjee et al., 2020; Deevi & Chundeli, 2020a;
Kumar & Sharma, 2021a; Rajan & Amirtham, 2021a),
whereas some studies tried to identify the factors affecting
thermal comfort (Amirtham et al., 2014; Bhaskar &
Mukherjee, 2017; Horrison & Amirtham, 2016; Rajan &
Amirtham, 2021a)

Delhi National Capital Region (NCR), is located in the
composite climate as per the Climatic zones of India (Bureau
of Indian standards, 2016; Bureau of Indian Standards, 2005).
The zone has the characteristics of long summers with high
temperatures. The temperature of the region reaches 43°C
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which makes it the inhabitants difficult to use outdoor open
spaces.

Out of several factors which may affect the thermal
comfort level of the user, the surface temperature is one of the
reasons. The role of surface temperature is rarely been studied
when it comes to thermal comfort issues. This paper aims to
identify the effect of surface temperature on thermal comfort
parameters. In this paper, the surface temperature of only
vertical surfaces is taken for analysis. The study will help
improve the understanding of the morphological
configuration to reduce the surface temperature and
eventually in achieving a better thermal comfort level.

1. METHODOLOGY

The primary approach in this paper is to analyse the
Surface temperature (Ts) variations at various morphological
scenarios. The study also analysed the other thermal
parameters Mean radiant temperature (Tmrt), Physiological
equivalent temperature (PET), Wind velocity (Va), and
Predicted mean vote (PMV). The physical/ geometrical
parameters include height and orientation.

» Study Area

The site selected for the research is a residential
neighbourhood at NOIDA (Delhi NCR), sector 74, located
between 28°34°19” N to 28°34°38” N and 77°23°12” to
77°23°37” E. The buildings are of varying heights and
orientations. Eight different orientations are studied
depending on the directions they are facing and having an
equal angle of increase to observe the pattern in the variation
more accurately. These orientations are North facing (N),
South facing (S), East facing (E), West facing (W), North-
East facing (NE), North-West facing (NW), South-East
facing (SE), and South-west facing (SW). Variation in terms
of height is also considered which was observed as 15m, 24m,
33m, 42m, 63m and 84m.

The surface temperature of vertical entities of the
neighbourhood was recorded using an infrared thermometer
(Fluke 59 max) having a range of -30°C to +350°C and an
accuracy of + 2%, on the typical summer week between 5™
June 2022 and 12" June 2022. The measurements were
performed from 7 am to 6 pm and hourly values were
recorded and taken into the analysis. The other thermal
parameter in this study were calculated with the software
Rayman Pro (Matzarakis et al., 2007).
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Fig 1. Study area (a) location of the site in the context of Delhi NCR (b) Selected neighbourhood

Il.  EXPERIMENTAL RESULTS

» Variation of Surface temperature (Ts):
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Fig 3: Variation of surface temperature (a) at all the orientation scenarios (b) at NW facing orientation (c) at SW
facing orientation
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Figure 3 shows the variation in the surface temperatures
(Ts) among the studied scenarios. The average Ts at south-
facing vertical surfaces is higher than the rest of the scenarios.
At 1 pm maximum difference could be observed. Ts at South
facing surfaces, whereas E facing scenario showed the lowest
temperature followed by SE and NE.

When comparing the scenarios in terms of height
variations of vertical surfaces, the maximum variation
occurred in the NW scenario and the least variation occurred
in the SW scenario. Higher the height of the surface lower the
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temperature at the NW scenario. It may be due to the partial
shading that occurred in this scenario due to the solar angle.
Due to the less shading at the low-height surfaces higher Ts
occurred. SW-facing surfaces receive direct solar radiation in
the afternoon hours for this reason the temperature variation
among all the height scenarios is negligible. This result is in
agreement with the other study (Mohammad et al., 2021)
which found similar results for surface temperature.

> Effect of Ts on Thermal Parameters:

Table 1: Correlation among thermal parameters

Ts (°C) Tmrt (°C) PET (°C) Va (m/s)
Ts (°C) Pearson Correlation 1 .835™ .915™ -.890™
Sig. (2-tailed) .001 .000 .000
N 12 12 12 12
Tmrt (°C) Pearson Correlation .835™ 1 .976™ -.583"
Sig. (2-tailed) .001 .000 .047
N 12 12 12 12
PET (°C) Pearson Correlation .915™ .976™ 1 - 7417
Sig. (2-tailed) .000 .000 .006
N 12 12 12 12
Va (m/s) Pearson Correlation -.890™ -.583" - 7417 1
Sig. (2-tailed) .000 047 .006
N 12 12 12 12

**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

Pearson’s correlation (2-tailed) for all the thermal
parameters studied in this paper is shown in Table 1. A
significant correlation could be observed between Ts and other
thermal parameters Tmrt, PET, and Va.

After identifying the correlation, the coefficient of the
determinant (R?) values was identified. Tmrt is highly
influenced by Ts (Cohen etal., n.d.)

Strong positive R? between Ts and Tmrt was observed
for E-facing (R?=0.93), W-facing (R?=0.75), and SE- facing
(R?=0.96) scenarios, whereas a good to a moderate
relationship was observed for S-facing (R?=0.41), and NW-
facing (R?=0.61). The rest of The scenarios resulted in poor
relationships.

The relationship between Ts and PET is good positive
only for SW-facing (R?=0.62), moderate for N-facing
(R?=0.42), and E-facing (R?=0.43), whereas, a poor
relationship was observed for the rest of the scenarios.

» Effect of Geometry

The effect of geometry or physical parameters of the built
environment is seen on the thermal parameters in many earlier
studies (Galal et al., 2020). One of the study in Kolkata, India
(Bhaskar & Mukherjee, 2017) explored various scenarios of
the street orientations whereas (Amirtham et al., 2015;
Horrison & Amirtham, 2016) studied various morphological
aspects such as height to width ratio.
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In this study, the effect of height and orientation of
vertical surfaces is observed on Ts. The height of various
scenarios of orientations is correlated with Ts. The E- facing
vertical surfaces showed strong negative relation with Ts
(R?=0.99), followed by SE- facing (R?=0.69). A moderate
negative relationship was observed at N-facing (R>=0.69), W-
facing (R?=0.56), NW- facing (R?=0.56), and SW-facing
(R?=0.51) vertical surfaces.

The effect of built geometry can also be seen in the hours
of solar access at the open space and on the building surfaces.
In this study, the relationship between the hours of solar access
and the Ts were observed for various orientations. A strong
positive relation was observed for E-facing (R?=0.87), SE-
facing (R?=0.82), and SW-facing (R?=0.78) vertical surfaces,
whereas a moderate positive relationship was observed for N-
facing (R?=0.56) and NW-facing (R?=0.56) vertical surfaces.
S-facing surfaces yielded to poor relationship for all the
analysis performed in this study.

> Effect of Ts on Outdoor Thermal Comfort

Outdoor thermal comfort level was calculated based on
Fagner’s Predicted mean vote (PMV) (Fagner, 1972) model.

Several studies emphasized using the PMV model to
evaluate the thermal comfort level. The index was originally
used for indoor environments later on it was adapted to
outdoor environments (Ghaffarianhoseini et al., 2019;
Potchter et al., 2018).
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A strong positive correlation was observed at N-facing
(R?=0.95), and NW-facing (R?=0.75), whereas a moderate
positive relationship was observed for W-facing (R?=0.95),
and SW-facing (R?=0.48). This means higher the vertical
surfaces in these orientations higher the PMV value i.e,
worsen the level of thermal comfort.

A moderate negative correlation was observed at S-
facing (R?=0.34), and SE-facing (R?=0.56), which means
higher vertical surfaces in these orientations lower the PMV
i.e., better the thermal comfort level.

IV. CONCLUSION

This paper aimed to identify the effect of the surface
temperature of vertical entities of built masses on thermal
comfort parameters. The existing neighbourhood at NOIDA,
Delhi NCR with varying morphological character and
variation in heights and orientations was selected. After
analyzing the surface temperature of vertical surfaces and
relating it to thermal and geometrical parameters, following
conclusions can be made.

e South facing surfaces resulted into higher Ts the variation
could not be observed for variation in the height for this
orientation. For the rest of the orientation the variation as
per the height observed.

e Surface temperature (Ts) has a strong correlation with
thermal parameters Tmrt, and PET. The aim of controlling
Ts would significantly lower the Tmrt (r=0.83) and PET
(r=0.91) values resulting into the improvement of thermal
comfort level.

e Ts did not affect greatly to PET, whereas effect on Tmrt
was significant for most of the scenarios.

e The relationships with the east facing surfaces could be
observed whereas due to the longer exposure to the direct
solar radiation the relationship with S, SW, SE surfaces is
moderate.

o Negative effect on thermal comfort observed as the height
of the vertical surface increased.

The study will help improve the understanding of the
morphological configuration to reduce the surface
temperature and eventually in achieving the better thermal
comfort level.
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