
Iranian (Iranica) Journal of Energy and Environment 13(1): 55-70, 2022 

 
Please cite this article as: E. Samadpour Shahrak, H. Sattari Sarbangholi, M. S. Moosavi, 2022. Improving Outdoor Thermal Comfort for Elderly 
in Residential Complexes, Iranian (Iranica) Journal of Energy and Environment, 13(1), pp. 55-70. Doi: 10.5829/ijee.2022.13.01.07 

 
 

Iranian (Iranica) Journal of Energy & Environment 
Journal Homepage: www.ijee.net 

IJEE an official peer review journal of Babol Noshirvani University of Technology,  ISSN:2079-2115 

 
 

Improving Outdoor Thermal Comfort for Elderly in Residential Complexes 
 
E. Samadpour Shahrak, H. Sattari Sarbangholi*, M. S. Moosavi 
 
Department of Architecture and Urban Planning, Islamic Azad University, Tabriz Branch, Tabriz, Iran 

 

 

P A P E R  I N F O  

 
 

Paper history: 
Received 06 November 2021 
Accepted in revised form 13 January 2022 

 
 

Keywords: 
Outdoor 
Predicted mean vote 
Thermal comfort 
Universal thermal climate index 
Elderly 
 
 
 
 
 
 
 
 

A B S T R A C T  

 

One of the crucial factors for the presence of more people outdoors is to create comfortable 
conditions. This issue is significant for the elderly due to the different physical conditions. The 
purpose of this study is to improve the micro-climatic condition around residential complexes 
considering the elderly in a linear type.  For this purpose, two physical indicators, the ratio of the 
height of buildings to their distance from each other (H/D) and the orientation of them towards 
the street, were investigated.  Regarding H/D, ratios of 0.5, 1, 1.5, and 2, and about the orientation 
factor, angles of 135° to 200° were examined. This study was conducted outdoors around 
residential complexes in Iran, Tabriz, with a cold semi-arid climate. Envi-met software model 
4.4.5 was used for the simulation. The days June 22 and December 22, 2020 were selected as 
one of the hottest and coldest day of the year. Two indexes of the Predicted Mean Vote (PMV) 
and the Universal Thermal Climate Index (UTCI) were examined as essential thermal comfort 
indexes. Also, for validation, local and field data in six days (21, 22, 23 June in summer and 21, 
22, 23 December in winter) were extracted and compared with the data of the software. The 
results display, the ratio of H/D=1.5 and the angles of 135° and 145° were the most suitable 
comfort conditions . 

doi: 10.5829/ijee.2022.13.01.07 
 

 
INTRODUCTION1 

 

Global warming, increasing population, and urban 

density highlight the importance of paying attention to the 

impact of buildings design on outdoor thermal comfort . 

Since 2002, the world's primary energy demand increased 

1.7% per year, and it is expected to expand more than 

50% by 2030 [1]. One of the factors that cause climate 

change is an increasing trend in generation of greenhouse 

gases [2]. Therefore, the use of renewable energy and 

attention to environmental issues is important [3]. So, it 

is vital to identify the environmental characteristics 

outdoors and use its results to optimize urban 

construction. Regarding the effect of geometry of 

buildings on thermal comfort in the outdoor space, 

various factors such as H/D, and the orientation of them 

are involved. Different building forms can create different 

microclimatic conditions in the environment around 

them. Changing the microclimate conditions of the area 

will change the comfort conditions. Mirzabeigi et al. [4] 
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evaluate building energy performance and outdoor 

thermal comfort of different typologies. Aperda et al. [5] 

have studied the impact of urban block morphology on 

microclimate conditions and thermal comfort in the Euro-

Mediterranean region in seven different types of blocks . 

In this study, the results were compared between blocks 

through morphometric parameters. Andreou [6] has 

studied the parameters affecting the thermal comfort 

conditions in urban canyons in two different traditional 

and modern areas. Martinelli and Matzarakis [7] have 

studied the influence of the H/D ratio on thermal comfort 

in different regions of Italy. They have concluded that this 

factor has a significant effect on thermal comfort. They 

have recommended high H/D ratios of 4:5 to 5:5 for warm 

climates and low-medium H/D proportions of 3:5 to 4:5 

for cold climates. Galal et al. [8] have studied different 

urban forms and H/D ratios of buildings and their impact 

on thermal comfort conditions in the new city of Aswan. 

Also, various researches in the field of outdoor thermal 

comfort have been done by considering different age 
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groups. Yao et al. [9] have studied outdoor thermal 

comfort by considering older people in summer and 

winter. They have concluded that the elderly are more 

sensitive to climatic changes in winter than in summer. 

Jiao et al. [10] concluded that there was a greater 

difference between the PMV index and the actual neutral 

temperature in winter than in summer. Forcada et al. [11] 

concluded that older people prefer higher temperatures 

than others by using the PMV index. 

Several researches have been conducted regarding the 

effect of the shape, H/D ratio, and orientation of 

buildings on thermal comfort in the outdoors, and some 

of them have been considered different age groups, such 

as the elderly. However, most of these studies have been 

conducted in the hot dry or humid climate areas. In most 

studies, the summer season has been analyzed and 

studied. Also, most studies have examined the general 

orientation in the N-S, E-W, NE-SW, NW-SE directions. 

This article examines the relationship between the H/D 

ratio and the orientation of buildings at more precise 

angles. Also, because aging is an inevitable biological 

process that affects most people and in Iran, the 

population of this age group is increasing, so the 

mentioned factors were examined by considering this age 

group. On the other hand, open space between residential 

complexes can accept various activities such as walking, 

sitting, social discussions, etc. So creating thermal 

comfort in this region is essential.  Therefore, this research 

has been done around one of the residential buildings in 

Tabriz city (Iran) with cold semi-arid in one of the coldest 

and hottest days of the year . 

 

 
RESEARCH METHOD AND STUDY AREA 
 

Study area 

Tabriz (38.8°N, 46.30°E) is a city in the northwestern of 

Iran, the capital of East Azerbaijan Province. According 

to statistical data, in 2016, it had a population of about 
 

1,700,000, and its climate is cold semi-arid. Its elevation 

range is between 1350 and 1600 meters above sea level. 

The annual precipitation is around 320 millimeters . 

Golpark complex, located in the east of Tabriz with a 

linear type, is the selected area for this research (Figure 

1). The blocks of the residential complex have four stories 

located at a distance of about 20 meters from each other. 

The material of the ground is mostly asphalt and soil, and 

the material of the facade is white and colored cement. 

The blocks have a NW-SE extension.  

 

Simulation method 

 

The main variables of thermal comfort 

Thermal comfort is the mental condition that expresses 

satisfaction. The word mental conditions refers to the 

fusion of mental and physical conditions called thermal 

comfort. There are various indexes such as PMV, PET, 

UTCI, TSV, ASV, etc. to evaluate comfort conditions . 

Among these indexes, the Predicted Mean Vote (PMV) 

was found in literature [12]. They confirmed this index 

for the elderly by using multiple experiments between the 

elderly and other age groups [12]. This index considers 

air temperature, mean radiant temperature, relative 

humidity, and two personal variables, including clothing 

resistance and activity level, as a composite index. This 

index determines the coefficients that are measured 

according  to  Ashrae's heat scale  and   indicates   the  

average  heat  sensation  of  a  large  group  of  people  in  

the  designated  space  [12].  It  is  obtained  through  the 

following  equation: 

PMV= (0.303e-0.036m +0.028) [(M-W)-H-Ec-crec-Erec] 

E=3.05×10-3(256tsk-3373-pa) +Esw 

Ec=3.05×10-3[5733-6.99× (M-W)-pa] +0.42(M-W-

58.15) 

Crec=0.0014M (34-Ta) 

Erec=1.72×10-5M(5867-Pa) 

(1) 

 

 
Figure 1. Pictures of the study area, (a) Aerial map of site plan and the locating of the data logger in the area, (b) Image of the 

blocks, (c) Location of data logger 

(a) (b) 

(c) 
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The value of H can be measured directly and can also be 

calculated through the following equation: 

H=Kcl=tsk-tcl/ Icl (2) 

where Crec is convective heat transfer coefficient (W/m2), 

Erec is evaporation heat transfer coefficient (W/m2), Esw is  

evaporation heat losses (W/m2), Icl is average of clothing 

radiation (W/m2), Ec is Evaporative heat exchange on the 

surface of the skin (W/m2), M stands for Metabolic rate 

(W/m2), Tcl is Clothing surface temperature (°C), Tsk is 

skin temperature, W is effective mechanical force 

(W/m2), H is dry heat losses in convection, conduction 

and radiation (W/m2), Ta stands for air temperature, and 

Pa  is the partial water vapour pressure in the air (Pa). 

Another index is the universal thermal climate index 

(UTCI), which is a human biometeorology parameter that 

is used to assess the correlation between the outdoor 

environment and human comfort. It is a measure of the 

human physiological response to the thermal 

environment. The value of this index depends on air 

temperature, wind speed, relative humidity, and mean 

radiant temperature. It is obtained through the following 

equation. 

UTCI= f (Ta; Tmrt; Va; Vp)=Ta+ offset ( Ta; Tmrt; 

va; vp) 
(3) 

where Ta is air temperature, Tmrt is mean radiant 

temperature, Va is wind speed, and Vp is Water vapor 

pressure. 

These two indicators have been widely used by 

various researchers to measure outdoor thermal comfort 

[9, 13–15]. Also, by considering these two indicators, all 

climatic factors such as wind speed, relative humidity, air 

temperature, mean radiant temperature, etc., and 

individual characteristics such as age, type of clothing, 

etc., are taken into account. So, in this research, these two 

indices were examined. 

 

Simulation method 

According to the purpose of this research, the selected 

software should use the exact geographical and climatic 

location data of the study area, data analysis, buildings, 

and other surrounding factors. ENVI-met software is a 

holistic, three-dimensional microclimate model. It 

simulates the climatological interactions between 

surfaces, plants, and the atmosphere. Also, it analyses the 

effects of planning measures on the urban climate. It has 

validity and reliability due to the high correlation between 

the values obtained from field measurements and the 

simulation results in the software environment [16–18].   

Due to the reasons, ENVI-met software (4.4.5) was 

used to simulate the surrounding environmental 

conditions. The information entered in the software can 

be seen in Table 1. 

The simulation process is summarized as follow: 

- Determining climatic conditions and extracting 

meteorological data  

Table 1. Information entered software 

Location 46.30 °E, 38.8 °N 

Name of the area 
Valiasr, Tabriz, East Azerbaijan Province, 

Iran 

Date 2020.12.22 and 2020.06.22 

Model dimensions x and y Grids =50, z-Grids=40 

Size of the grid cell dx and dy=4 m, dz=5 m 

Simulation time 9:00 AM- 8:00 PM 

Seasons Summer Winter 

Temperature 
Min: 17℃, 

Max: 28℃ 

Min: -6℃, 

Max: 1℃ 

Wind speed 4.1m/s 4.9m/s 

Wind direction 350° (North-West) 100° (South-East) 

Body parameters 

Height (m): 175 cm 

Weight (kg): 75  kg 

Age of person (y): 70 

Gender: male 

Surface Area (DuBois-Area): 1.91 m2 

Clothing parameters and 

persons metabolism 

Work Metabolism: 80w 

Basal Rate: 72.18w 

Static Clothing Insulation 

(clo) 

Summer: 0.5 

Winter: 1.5 

 

 
- Determining the time for analysis during summer and 

winter (June 22 and December 22, 2020) (The hottest and 

coldest days of the year) from 9 am to 8 pm, for 11 hours 

(The hours when most people are outdoors) 

- Determining age, activity, and clothing parameters of 

the statistical society of the research (Age 70 was selected 

as the average age of the elderly in Iran) 

- Modeling, software validation 

- Modeling and reviewing outdoors thermal comfort 

considering different H/D ratios and orientations 

 

Software validation 

In this paper, based on literature review [14, 16], relative 

humidity and air temperature (RH and Ta) were measured 

and simulated for validation. Field data were collected 

and studied on 21, 22 and 23 June in summer, and 21, 22 

and 23 December in winter, from 9 am to 8 pm, for 11 

hours at 1.5 m above the ground (Figure 1). It was placed 

where it is not exposed by heavy shadows from buildings. 

Data logger specifications are EXTECH model RHT20 

with accurate measurement (14-104 degrees Fahrenheit), 

± 1.8°F and (60 -80%), ± 3.5%. In this model, Ta and RH 

information are saved in the device's memory every 10 

seconds. After extracting the data from the data logger, 
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their average for each hour was calculated. The local 

information of the specified day was extracted from the 

meteorological site1. Then, these data were transferred to 

ENVI-met software. Finally, the data extracted from the 

data logger were compared with the output obtained from 

the software. 

For data validation, as in previous research, two 

indicators, R2 and RMSE, were used. For the Ta factor, R2 

is equal to 0.89 in both seasons, and RMSE is equal to 

0.59, 0.48 in summer and winter, respectively (Figures 2 

and 3). For the RH factor, R2 is equal to 0.91, .094 and 

RMSE is equal to 1.66, 1.37 in summer and winter, 

respectively (Figures 4 and 5). Previous research displays 

that R2 values from 0.52 to 0.96 and RMSE values from 

0.26 to 4.83 are acceptable [14]. Therefore, the ENVI-met 

model is valid in this study. 

 

 

RESULTS 
 

To compare each index, four receptors in different parts 

of the site were selected in the Envi-met software (Figure 

6). These receptors were located so they were scattered  

 

on the site and could express the general condition of the 

site. Therefore, one receptor was placed in the center of 

the site (R3), another between two buildings (R1), and 

two other receptors were placed between four buildings 

(R2, R4). The mentioned indices for each of the receptors 

were extracted from 9 am to 8 pm, Finally, four tables 

were used to analyze each factor. Also, because the 

average human height between sitting and standing 

position is about 1.50 meters, the simulation was 

measured at this height .  

The first table in each of the indices displays the 

average of the factor in the four selected receptors at 

different  times  of  the  day  (9 am to 8 pm)  in  different 

H/D ratios. The second one shows the average of the same 

index in each receptor from 9 am to 8 pm. By analyzing 

these two tables and obtaining the best H/D ratio in 

summer and winter, that ratio is selected. Also, 

to get the best building orientation, the average of 

factors is examined as in the previous tables in the 

 third and fourth tables. For a more accurate data 

 analysis, the figures extracted from Envi-met were 

examined in the hour when the average of the index is the 

highest. 

 

  
(a) (b) 

Figure 2. (a) The mean of air temperature in simulation and measurement, (b) the comparison of air temperature in the scattered 

graph in summer 
 

 

  
(a) (b) 

Figure 3. (a) The mean of air temperature in simulation and measurement, (b) the comparison of air temperature in the scattered 

graph in winter 

 
1 https://irimo.ir/far/index.php 
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(a) (b) 

Figure 4. (a) The mean of relative humidity in simulation and measurement, (b) the comparison of relative humidity in the scattered 

graph in summer 
 
 

  
(a) (b) 

Figure 5. (a) The mean of relative humidity in simulation and measurement, (b) the comparison of relative humidity in the scattered 

graph in winter 

 

 

 
Figure 6. Location of selected receptors on the site 

 

 
Considering the direction of shadow movement of 

buildings is an important factor in designing [19]. The 

proportion of H/D between blocks should not be such that 

the blocks overshadow each other because this factor 

causes higher energy consumption indoors. So, the 

options of H/D proportion 0.5, 1, 1.5, 2 were investigated. 

According to the distance of 20 meters between the blocks 

in the selected site, the height of the blocks was 10, 20, 

30, and 40, which indicate three to thirteen floor 

buildings. According to the orientation of blocks in 

residential complexes in the mentioned city, 8 angles with 

a difference of 10° were selected because less than 10°, 

the extracted data are closer to each other, and more than 

that can reduce the verification of the result. The 

orientations of 200° (O1), 195° (O2), 185° (O3), 175° 

(O4), 165° (O5), 155° (O6), 145° (O7) and 135° (O8) 

clockwise from north were selected and examined 

(Figure 7). 

 
 

 
Figure 7. Different orientations of buildings 
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Predicted mean vote (PMV) 

 

Comparison between H/D ratio and PMV 

Tables 2 and 3 display that in summer, with increasing 

H/D, the PMV declines. This reduction process has done 

in all studied hours. However, in some hours of the day, 

such as 2:00 pm and 3:00 pm, also from 5:00 pm, the 

value of the proportions of 1.5 and 2 are the same. The 

difference of PMV between the proportions of 0.5 and 2 

is the highest from 9 am to 6 pm. At 12 pm, 5 pm, and 6 

pm, the mean difference reaches about 0.55, 0.91, 0.34, 

respectively. This difference in numbers was the lowest 

at 7 and 8 pm, getting 0.01 at these hours (Table 2). When 

the proportions increase from 0.5 to 1, the mean of PMV 

declines  about  0.05,  when  proportion  rises  from  1  to 

1.5,  the  mean  of  PMV  declines  about  0.24°C,  and  it 

makes  no  difference  when  it  rises  from  1.5  to  2 

(Table 3) . 

In winter, the H/D=2 has the lowest, and the H/D=0.5 

has the highest mean of PMV in all studied hours and 

receptors (Tables 2 and 3). Also, at 5 pm, 7 pm, and 8 pm, 

the values of the proportions of 0.5 and 1 are the same. 

The difference of mean PMV between the proportions 

H/D=0.5 and H/D=2 from 9 am to 3 pm is the highest, 

and at 10 am, 1 pm, and 2 pm, the mean difference reaches 

about 0.69, 0.30, 0.29, respectively (Table2). When these 

proportions change from 0.5 to 1, the mean of PMV 

declines about 0.1. The mean of PMV declines about 

0.05, when this proportion rises from 1 to 1.5, Changing 

this proportion from 1.5 to 2, it declines about 0.04 

(Table 3). 

Therefore, it can be concluded that with rising H/D 

proportion in summer and winter, the mean of PMV 

declines. In summer, the reduction process is the highest 

when it changes from a proportion of 1 to 1.5, and when 

it shifts from 1.5 to 2, it makes no difference. In winter, 

the reduction process is the highest when it changes from 

0.5 to 1, and it is almost the same when it changes from a 

proportion of 1 to 1.5 and 1.5 to 2. The reduction process 

of PMV in summer is more than winter. This indicates 

that increasing the H/D proportion has a more important 

impact on declining this index in summer .

 

 
Table 2. Mean of PMV in four receptors from 9:00 am to 8:00 pm 

 Time 

 H/D 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 

Summer 

0.5 1.57 1.79 1.86 2.06 2.49 2.95 3.22 3.29 2.88 1.39 0.23 0.05 

1 1.55 1.70 1.85 2.05 2.49 2.92 3.17 3.24 2.83 1.11 0.23 0.05 

1.5 1.37 1.51 1.66 1.52 2.27 2.69 3.00 3.08 1.97 1.05 0.22 0.04 

2 1.36 1.50 1.65 1.51 2.26 2.69 3.00 3.07 1.97 1.05 0.22 0.04 

Min 1.36 1.50 1.65 1.51 2.26 2.69 3.00 3.07 1.97 1.05 0.22 0.04 

Max-

Min 
0.21 0.29 0.21 0.55 0.23 0.26 0.22 0.22 0.91 0.34 0.01 0.01 

Winter 

0.5 -5.83 -5.06 -4.75 -4.49 -4.34 -4.85 -4.92 -5.05 -5.27 -5.40 -5.53 -5.68 

1 -5.86 -5.61 -4.86 -4.67 -4.52 -4.98 -4.99 -5.04 -5.27 -5.39 -5.53 -5.68 

1.5 -5.90 -5.69 -4.92 -4.73 -4.59 -5.08 -5.05 -5.08 -5.30 -5.43 -5.56 -5.71 

2 -5.94 -5.75 -4.97 -4.77 -4.64 -5.14 -5.10 -5.12 -5.34 -5.46 -5.60 -5.74 

Max -5.83 -5.06 -4.75 -4.49 -4.34 -4.85 -4.92 -5.04 -5.27 -5.39 -5.53 -5.68 

Max-

Min 
0.11 0.69 0.22 0.28 0.30 0.29 0.18 0.08 0.07 0.07 0.07 0.07 

 

 
Table 3. Mean of PMV in each of the receptors from 9:00 am to 8:00 pm 

Winter  Summer  PMV 

Max 2 1.5 1 0.5  Min 2 1.5 1 0.5  H/D 

-5.26 -5.41 -5.37 -5.32 -5.26  1.90 1.90 1.90 2.05 2.06  R1 

-4.96 -5.11 -5.08 -5.05 -4.96  1.63 1.63 1.63 1.86 1.90  R2 

-5.23 -5.47 -5.40 -5.33 -5.23  1.71 1.71 1.71 1.96 2.05  R3 

-4.95 -5.20 -5.16 -5.10 -4.95  1.54 1.54 1.55 1.86 1.91  R4 
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Figures 8 and 9 display the PMV index, extracted 

from the software at 4 pm in summer and 1 pm in winter 

(the hour when the PMV is the highest). In these figures, 

the effect of increasing the height on this index can be 

seen in both seasons, and confirm what has been said. As 

a result, the ratio of H/D =0.5 is the best option for winter, 

and H/D=2, 1.5 is the best option for summer. 

The effect of buildings orientation on PMV 

Table 4 shows that in summer during most hours of the 

day, the average of PMV is the lowest at the angles of 

135° and 145°, and the highest at the angles of 175°, 

185°,195°, and 200°. The average of this index in 

receptors 1 and 3 is the lowest at an angle of 135° and is 

equal to 1.08 and 1.10, respectively. In receptors 2 and 4,  

 
 

 

  

 

 (a) (b) 

 

  
 (c) (d)  

Figure 8. Display of PMV at 4 pm in different H/D proportions in summer, (a) H/D=0.5, (b) H/D=1, (c) H/D=1.5,  (d) H/D=2 

 
 

 

  

 

 (a) (b) 

 

  
 (c) (d)  

Figure 9. Display of PMV at 1 pm in different H/D proportions in winter, (a) H/D=0.5, (b) H/D=1, (c) H/D=1.5,  (d) H/D=2 
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Table 4. Mean of PMV in four receptors from 9 am to 8 pm at different orientations 

  Time 

 Orientation 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 

Summer 

O1 1.45 1.61 1.75 1.94 2.10 2.62 1.63 1.98 2.03 1.77 0.18 -0.01 

O2 1.45 1.59 1.68 1.92 2.10 2.61 2.31 1.99 2.77 1.77 0.18 0.01 

O3 1.39 1.55 1.66 1.84 2.22 2.72 3.01 3.09 2.68 1.03 0.20 0.02 

O4 1.37 1.54 1.26 1.80 2.25 2.65 2.94 3.02 1.57 1.07 0.25 0.07 

O5 0.65 0.48 1.27 1.78 2.19 2.64 2.88 1.90 1.25 0.81 0.24 0.06 

O6 0.05 0.47 1.30 1.82 2.20 2.61 1.60 1.54 1.18 0.75 0.20 0.02 

O7 -0.02 0.37 1.25 1.53 2.00 2.60 1.52 1.44 1.13 0.70 0.17 0.00 

O8 -0.07 0.93 1.22 1.53 1.88 1.54 1.45 1.36 1.06 0.66 0.16 -0.01 

MIN -0.07 0.37 1.22 1.53 1.88 1.54 1.45 1.36 1.06 0.66 0.16 -0.01 

Max-Min 1.52 1.24 0.53 0.41 0.38 1.18 1.56 1.73 1.71 1.11 0.09 0.08 

Winter 

O1 -5.40 -5.56 -4.75 -4.50 -4.40 -4.35 -4.44 -5.07 -5.30 -5.42 -5.56 -5.70 

O2 -5.87 -5.55 -4.75 -4.51 -4.41 -4.35 -4.96 -5.07 -5.30 -5.42 -5.56 -5.71 

O3 -5.86 -5.55 -4.73 -4.50 -4.40 -4.35 -4.95 -5.07 -5.29 -5.42 -5.55 -5.70 

O4 -5.80 -5.05 -4.74 -4.48 -4.34 -4.84 -4.90 -5.04 -5.26 -5.38 -5.52 -5.66 

O5 -5.76 -5.03 -4.74 -4.48 -4.34 -4.75 -4.82 -4.84 -5.20 -5.32 -5.45 -5.59 

O6 -5.34 -5.03 -4.73 -4.48 -4.82 -4.73 -4.36 -4.67 -5.12 -5.24 -5.38 -5.52 

O7 -5.34 -5.01 -4.69 -4.46 -4.80 -3.81 -3.94 -4.43 -5.07 -5.19 -5.32 -5.45 

O8 -5.35 -5.00 -4.67 -4.93 -3.85 -3.81 -3.93 -4.66 -5.10 -5.22 -5.35 -5.48 

Max -5.34 -5.00 -4.67 -4.46 -3.85 -3.81 -3.93 -4.43 -5.07 -5.19 -5.32 -5.45 

Max-Min 0.54 0.56 0.08 0.46 0.97 1.03 1.04 0.64 0.23 0.24 0.25 0.25 

 

 
it has the lowest value at an angle of 155° and is equal to 

1.03 and 1.00, respectively. Also, the angle of 145° has a 

low value.  As in receptor 2 is equal to 1.05, which is very 

little different from the value at an angle of 155°, and in 

receptor 4, the numerical value of the index is equal to its 

value at an angle of 155°. The highest value of PMV 

index is at the angles of 175° and 185° (Table 5). Also, 

the figures obtained from the software at 4 pm, the time 

when the PMV index reached its highest value, show that 

more favorable environmental conditions have been 

created  at  the  angles  of  135°  and  145°,  and  the  PMV 

index is the highest at the angles of 175° and 185° 

(Figure 10).  

In winter, during most hours of the day and also at 

most receptors, the average of the PMV is highest at the 

angle of 135° and 145° and lowest at the angles of 185°, 

195° and 200° (Tables 4 and 5). The highest difference 

between the maximum and the minimum of this index is 

from 1 pm to 3 pm, and in these hours, the average of this 

index is the highest at an angle of 135° (Table 4). Also, 

the figures obtained from the software at 2 pm, the time 

when the PMV index reached its highest value, show that 

more favorable environmental conditions have been 

created at the angles of 135° and 145°, and the PMV index 

is lowest at the angles of 195° (Figure 11). 

Universal thermal climate index 

 

Comparison between H/D ratio and UTCI 

In summer, the index of UTCI has a declining process 

with an increase in H/D ratio in all study hours and 

receptors, such as the PMV index (Tables 6 and 7). When 

these ratios increase from H/D=0.5 to H/D=1, the average 

of UTCI declines about 1.28°C, and when this ratio rises 

from 1 to 1.5, the average drops by about 2.33°C and 

changing this proportion from 1.5 to 2, it decreases by 

about 0.02°C. The difference between the maximum and 

minimum average of the UTCI is the highest at 11 am to 

6 pm. It is equal to 7.24°C and 7.74°C at 12 pm and 5 pm, 

respectively (Table 6).  

In winter, like summer, the ratio of H/D=0.5 has the 

highest, and H/D=2 has the lowest average of UTCI in all 

study hours and receptors (Tables 6 and 7). The difference 

between the maximum and the minimum average of 

UTCI from 10 am to 2 pm is the highest, and it is about 

9.42°C at 10 am (Table 6). When the ratio changes from 

0.5 to 1, the average of this index decreases by about 

1.3°C, and when it changes from 1 to 1.5, the average 

drops by about 0.88°C. Also, in changing it from 1.5 to 2, 

the average of UTCI declines about 0.84°C (Tables 6 

and 7) . 
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(a) (b) (c) 

   
(d) (e) (f) 

   
(g) (h)  

Figure 10. Display of PMV at different orientations in summer at 4 pm, (a) 135°, (b) 145°, (c) 155°, (d) 165°, (e) 175°, (f) 185°, 

(g) 195°, (h) 200° 
 

 

Table 5. Mean of PMV in each of the receptors from 9 am to 8 pm 

Winter   Summer 
Orientation 

O8 O7 O6 O5 O4 O3 O2 O1  O8 O7 O6 O5 O4 O3 O2 O1 

-4.87 -4.95 -5.06 -5.16 -5.24 -5.29 -5.31 -5.22  1.08 1.16 1.36 1.61 1.88 1.84 1.78 1.63 R1 

-4.66 -4.65 -4.81 -4.89 -4.94 -4.97 -4.97 -4.88  1.18 1.05 1.03 1.12 1.48 1.65 1.43 1.45 R2 

-4.87 -4.92 -5.07 -5.17 -5.21 -5.25 -5.27 -5.19  1.10 1.22 1.41 1.53 1.71 1.74 1.70 1.48 R3 

-4.71 -4.65 -4.86 -4.90 -4.94 -4.94 -4.94 -4.86  1.14 1.00 1.00 1.11 1.52 1.69 1.48 1.37 R4 

 

 

Therefore, the comparison of the obtained numbers 

shows that with increasing H/D ratio, the UTCI index 

decreases in both seasons. In summer, this decreasing 

trend is the highest when it changes from a ratio of 1 to 

1.5, and the lowest when changing this ratio from 1.5 to 

2. In winter, the decreasing trend of this index is the 

highest in changing the ratio of 0.5 to 1, and by changing 

the ratio from 1.5 to 2, as in summer, the decreasing trend 

is the lowest. Also, the declining trend of this index in 

summer is more than winter. Figures 12 and 13 display 

the UTCI index, extracted from the software at 4 pm in 

summer and 1 pm in winter (the hour when the PMV is 

the highest). In these figures, the effect of increasing the 

height on this index can be seen in both seasons. As a 

result, H/D=2, 1.5 ratios are the best option for summer, 

and H/D=0.5 ratios are the best for winter.  
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(g) (h)  

Figure 11. Display of PMV at different orientations in winter at 2 pm, (a) 135°, (b) 145°, (c) 155°, (d) 165°, (e) 175°, (f) 185°, (g) 

195°, (h) 200° 

 

 

The effect of buildings orientation on UTCI 

Table 8 displays that in summer, angles of 135° and 145° 

have the lowest average of UTCI and angles of 175°, 185° 

have the highest average of this index at most hours of the 

day. The average of this index is the lowest at an angle of 

135° in receptors 1 and 3 and it is 26.50°C, and 26.99°C, 

respectively. In these two receptors, the maximum 

average is at an angle of 175°, which is 32.29°C in 

receptor 1 and 31.44°C in receptor 3. In receptors 2 and 

4, it has the lowest value at an angle of 155° and is equal 

to 25.28°C and 24.97°C, respectively. Also, in these two 

receptors, the highest average is observed at an angle of 

185°,  equal  to  28.33°C  and  28.76°C,  respectively 

(Table 9). The difference between the maximum and 

minimum average of the UTCI is the highest at 9 am, 

3 pm to 5 pm, which is about 9.09°C at 9 am (Table 8). 

The figures obtained from the software at 4 pm, 

the time when the UTCI index reached its highest value, 

show that more favorable environmental conditions have 

been created at the angles of 135° and 145° and the 

PMV index is highest at the angles of 185° and 175° 

(Figure 14). 

In winter, most receptors have the highest average of 

UTCI at an angle of 135° and 145°. Also, the lowest 

average of this index in most receptors is at the angles of 

195°, 185° (Table 9). Table 8 displays that in most hours 

of the day, the highest average of this index occurred at 

angles of 135° and 145°. The difference between the 

maximum and minimum average of the UTCI is the 

highest from 1 pm to 3 pm, which is equal to 16.50°C at 

2 pm. Also, the figures obtained from the software at 1 

pm, the time when the UTCI index reached its highest 

value, show that more favorable environmental 

conditions have been created at the angles of 135° and 

145°. The UTCI index is lowest at the angles of 200°, 

195°, 185° (Figure 15). 



E. Samadpour Shahrak et al. / Iranian (Iranica) Journal of Energy and Environment 13(1): 55-70, 2022 

65 

 

Table 6. Mean of UTCI in four receptors from 9:00 am to 8:00 pm 

 Time 

 H/D 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 

Summer 

0.5 31.34 31.84 33.78 36.34 37.08 39.13 40.21 41.25 38.31 29.96 21.99 21.04 

1 31.14 31.45 32.72 34.32 35.09 37.93 37.90 37.93 37.08 28.44 21.98 21.00 

1.5 30.16 30.43 30.75 29.14 33.05 34.81 36.02 36.15 30.58 25.80 21.57 20.61 

2 30.09 30.38 30.72 29.10 33.02 34.79 36.00 36.14 30.57 25.79 21.56 20.60 

Min 30.09 30.38 30.72 29.10 33.02 34.79 36.00 36.14 30.57 25.79 21.56 20.60 

Max-

Min 
1.25 1.46 3.06 7.24 4.06 4.34 4.21 5.11 7.74 4.17 0.43 0.44 

Winter 

0.5 -8.12 0.99 3.05 4.34 4.68 -2.53 -3.65 -5.49 -7.33 -8.12 -8.99 -9.95 

1 -8.44 -6.67 2.02 2.64 2.98 -3.75 -4.43 -5.65 -7.52 -8.35 -9.28 -10.28 

1.5 -9.04 -7.63 0.99 1.63 1.83 -4.86 -5.31 -6.35 -8.27 -9.12 -10.08 -11.09 

2 -9.74 -8.43 0.00 0.71 0.83 -5.76 -6.10 -7.10 -9.06 -9.92 -10.88 -11.90 

Max -8.12 0.99 3.05 4.34 4.68 -2.53 -3.65 -5.49 -7.33 -8.12 -8.99 -9.95 

Max-

Min 
1.62 9.42 3.05 3.62 3.86 3.22 2.45 1.62 1.72 1.80 1.89 1.96 

 

 

Table 7. Mean of UTCI in each of the receptors from 9:00 am to 8:00 pm 

Winter  Summer  UTCI 

Max 2 1.5 1 0.5  Min 2 1.5 1 0.5  H/D 

-5.71 -7.43 -6.84 -6.22 -5.71  32.20 32.20 32.22 33.99 35.07  R1 

-1.33 -3.83 -3.22 -2.70 -1.33  28.16 28.16 28.19 30.61 31.92  R2 

-5.45 -8.54 -7.50 -6.43 -5.45  31.29 31.29 31.31 33.62 35.10  R3 

-1.22 -5.98 -4.87 -3.56 -1.22  27.94 27.94 27.97 30.77 32.00  R4 

 

 

   
(a) (b) (c) 

             
                                                 (d)  

Figure 12. Display of UTCI at 4 pm in different H/D proportions in summer, (a) H/D=0.5, (b) H/D=1, (c) H/D=1.5, (d) H/D=2  
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(a) (b) (c) 

             
                                                 (d)  

Figure 13. Display of UTCI at 1 pm in different H/D proportions in winter, (a) H/D=0.5, (b) H/D=1, (c) H/D=1.5, (d) H/D=2 

 

 
Table 8. Mean of UTCI in four receptors from 9 am to 8 pm 

  Time 

 Orientation 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 

Summer 

O1 29.97 30.27 30.60 31.15 30.50 28.69 28.95 30.47 30.63 29.74 21.33 20.37 

O2 30.10 30.38 30.49 31.24 30.56 29.01 30.92 32.45 34.37 29.75 21.40 20.45 

O3 30.10 30.47 30.65 29.10 30.48 34.80 35.93 36.10 34.22 25.71 21.50 20.55 

O4 30.15 30.59 29.30 31.05 32.97 34.59 35.76 35.96 28.54 25.78 21.55 20.58 

O5 23.72 25.37 29.15 30.74 32.48 34.28 35.37 30.05 26.34 24.14 21.26 20.23 

O6 21.34 25.20 29.10 30.72 32.39 34.18 30.21 27.97 26.22 24.09 21.14 20.11 

O7 21.06 24.73 27.55 30.51 32.09 33.94 28.16 27.71 26.19 24.01 21.04 20.02 

O8 22.94 27.76 27.45 30.25 32.00 33.74 27.97 27.46 25.95 23.81 20.96 19.98 

Min 21.06 24.73 27.45 29.10 30.48 28.69 27.97 27.46 25.95 23.81 20.96 19.98 

Max-Min 9.09 5.85 3.20 2.14 2.49 6.11 7.96 8.64 8.42 5.94 0.59 0.60 

Winter 

O1 -5.90 -3.29 5.93 7.11 3.56 3.07 1.20 -6.20 -8.06 -8.85 -9.71 -10.64 

O2 -8.97 -3.18 5.85 6.80 3.46 3.05 -4.59 -6.15 -8.05 -8.87 -9.78 -10.77 

O3 -5.55 -3.00 6.25 3.87 3.77 3.41 -4.30 -6.02 -7.86 -8.65 -9.54 -10.51 

O4 -4.73 4.67 3.38 4.56 4.76 -2.49 -3.57 -5.43 -7.22 -7.99 -8.86 -9.81 

O5 -3.74 5.87 4.51 5.72 5.89 -1.23 -2.42 -3.02 -6.18 -6.94 -7.80 -8.74 

O6 4.00 3.40 5.69 6.90 0.17 -0.03 1.59 -0.57 -5.09 -5.82 -6.66 -7.58 

O7 1.45 4.21 6.80 7.89 1.22 13.98 11.06 2.83 -4.32 -5.05 -5.87 -6.76 

O8 1.60 4.68 7.07 1.34 15.03 14.01 11.20 0.46 -4.06 -4.80 -5.63 -6.52 

Max 4.00 5.87 7.07 7.89 15.03 14.01 11.20 2.83 -4.06 -4.80 -5.63 -6.52 

Max-Min 12.97 9.15 3.69 6.56 14.86 16.50 15.79 9.04 4.00 4.07 4.15 4.24 
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Table 9. Mean of UTCI in each of the receptors from 9 am to 8 pm  
Winter  Summer 

Orientation O8 O7 O6 O5 O4 O3 O2 O1  O8 O7 O6 O5 O4 O3 O2 O1 

4.36 1.50 -1.27 -3.66 -5.30 -6.15 -6.55 -5.44  26.50 27.39 28.87 30.67 32.29 31.49 30.43 29.26 R1 

3.67 3.67 1.44 0.11 -0.98 -1.74 -1.96 -0.88  26.90 25.85 25.28 25.37 27.40 28.33 27.65 27.86 R2 

2.50 0.48 -2.37 -2.51 -3.67 -3.26 -3.53 -3.54  26.99 27.07 28.44 29.81 31.44 31.29 30.82 29.32 R3 

3.50 3.50 0.87 0.04 -0.95 -1.55 -1.69 -0.73  26.36 25.36 24.97 25.19 27.81 28.76 28.15 27.78 R4 

 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

   
(g) (h)  

Figure 14. Display of UTCI at different orientations in summer at 4 pm, (a) 200°, (b) 195°, (c) 185°, (d) 175°, (e) 165°, (f) 155°, 

(g) 145°, (h) 135° 

 
 

DISCUSSION 
 

This study investigated the thermal comfort conditions in 

the outdoor space around buildings with a linear pattern 

in cold semi-arid climates considering the elderly. The 

results show that in summer, with increasing the H/D 

ratio, PMV and UTCI index decreases. As these factors 

decrease, the outdoor environmental conditions improve. 

In this season, with the increase of the H/D ratio in all 

hours and receptors, these two factors have a downward 

trend. In winter, with an increasing H/D ratio, the average 

of PMV and UTCI decreases, and this downward trend 

has occurred in all four receptors. As a result, it can be 

concluded that, unlike summer, by reducing the H/D ratio 
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due to receive more sunlight and increasing the 

temperature of the elements in the site and buildings, the 

ratio of H/D=0.5 is the most appropriate one. The results 

of research on the orientation of the buildings display that 

in summer, the average of PMV and UTCI is lowest at the 

angles of 135°, 145° and they are highest at the angles of 

175° and 185°. Therefore, considering these two factors 

in this season, angles of 135°, 145° are the most suitable, 

and angles of 175°, 185° are the most inappropriate. 

Angles of the 200°, 195°, 155°, and 165° have moderate 

conditions. In winter, the average of PMV and UTCI is 

lowest at the angles of 135°, 145° and they are highest at 

the angles of 185° and 195°. Therefore, considering these 

two factors in this season, angles of 135°, 145° are the 

most suitable, and angles of 185°, 195° are the most 

inappropriate. Angles of the 200°, 175°, 165°, and 155° 

have moderate conditions . 

Martinelli et al. [7] recommend higher H/D for 

summer in Italy with warm climates and lower H/D in 

parts of Italy with cold climates. Achour-Younsi and 

Kharrat [13] have investigated this ratio at subtropical 

Mediterranean climates. They have concluded that as H/D 

increases, the thermal comfort improves in summer. They 

have introduced north-south orientation as the best one. 

Johansson et al. [20] have investigated this factor in Sao 

Paulo, with a warm and humid climate in summer. They 

have concluded that in most hours of the day, high-rise 

buildings are better than others because they give more 

shade. Also, they have recommended northwest-

southeast and southwest-northeast orientations. Also, Ali-

Toudert and Mayer [21] have recommended northwest-

southeast and southwest-northeast orientations in the hot 

and dry climate of Algeria. Targhi and Van Dessel [22] 

have found the northwest orientation better than others in 

Worcester. So, regarding the H/D ratio, this study agrees 

with other similar studies that have been done in different 

climates. About the orientation of the buildings, the four 

main   directions,   East-West   (EW),   North-South   (NS),  
 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

   
(g) (h)  

Figure 15. Display of UTCI at different orientations in winter at 1 pm, (a) 200°, (b) 195°, (c) 185°, (d) 175°, (e) 165°, (f) 155°, (g) 

145°, (h) 135° 
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Northeast-Southwest (NE-SW), Northwest-Southeast 

(NW-SE) have examined in other researches, in this 

article, the eight different angles have been investigated. 

Therefore, it has some differences with other articles 

reviewed in this field. 

 

 

CONCLUSION 
 
This research searches suitable outdoor thermal comfort 

in residential blocks considering the elderly, assuming 

that the factors of the H/D and orientation of the blocks 

can affect environmental conditions. Also, PMV and 

UTCI are the most important indexes in the study of 

thermal comfort. By examining the number of changes 

that occur in these indexes in changing the H/D ratio, it 

can be concluded that in summer, with increasing H/D 

ratio, in most hours of the day, they have a downward 

trend. The declining of the indexes in changing the ratios 

is not the same and reaches the maximum value by 

changing the ratio from 1 to 1.5. Also, in winter, they have 

a decreasing trend with increasing H/D. Increasing the 

H/D ratio in summer has a more significant impact on 

outdoor environmental conditions than winter. Therefore, 

considering both seasons, the ratio of H/D=1.5 can be 

regarded as the most appropriate one. Also, the H/D=0.5 

can be suitable provided that other factors are taken into 

account to improve the thermal comfort in summer. These 

factors can be such as green space, materials used with 

lower albedo and lighter colors. Also, considering both 

seasons, the angles of 135° and 145° are the most 

appropriate among others. It is recommended that future 

research investigate outdoor thermal comfort for different 

age groups such as children or different genders such as 

women in other types of buildings. 
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Persian Abstract 

 چکیده 

سالمندان قابل توجه   یمتفاوت برا  یجسم  طیموضوع با توجه به شرا  نیاست. ا یشیآسا  طیشرا جادیباز، ا یافراد در فضا  شتریحضور ب   یبرا یاتیاز عوامل ح  یکی

منظور دو شاخص  نیا یباشد. برایم یبا در نظر گرفتن سالمندان در نوع خط یمسکون  یهااطراف مجتمع یمیزاقلیر طیمطالعه بهبود شرا نیاست. هدف از ا

 2و    5/1،  1،  5/0  یهانسبت  H/Dشد. در رابطه با    یبررس ابانیسمت خ  ازآنها    یریگ( و جهتH/D)  گریکدیها به فاصله آنها از نسبت ارتفاع ساختمان یکیزیف

 مهیسرد ن   می، با اقلرانیا  زی، تبریمسکون   یهاعباز اطراف مجتم یمطالعه در فضا  نیشد. ا  یدرجه بررس  200درجه تا    135  یایزوا  ،یریگجهت  بیو در مورد ضر

 نیو سردتر  نیتراز گرم  یکیبه عنوان    2020دسامبر    22ژوئن و    22  یاستفاده شد. روزها  4.4.5مدل    Envi-metاز نرم افزار    یسازهیشب  یخشک انجام شد. برا

 شیآسا یها( به عنوان شاخصUTCI) یحرارت یآب و هوا ی( و شاخص جهان PMVشده ) ینیب شیپ یرا نیانگیسال انتخاب شدند. دو شاخص م یروزها

 23، 22، 21خرداد در تابستان و  23، 22، 21در شش روز ) یدان یو م یمحل یهاداده ،یاعتبارسنج یبرا نیقرار گرفتند. همچن یمورد بررس یضرور یحرارت

را  شیآسا طیشرا نیدرجه مناسب تر 145درجه و  135 یایو زوا H/D=1.5نسبت  اصل،ح جیشد. نتا سهیافزار مقانرم یهاآذر در زمستان( استخراج و با داده

 .دهندینشان م

 


