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Abstract University campuses are meant to provide
open and green spaces for students to create and excel. In
this paper, the redesign of the Campus Outdoor Space
(COS) of the College of Engineering in Tanta is assessed as
it is a central square overlooked by buildings of the college
exposed to excessive solar radiation. The method of the
study consists of many stages. First, field measurements
were appraised by Nova- Lynx weather station and
investigating weather data files through the Climate
consultant program. Next, the proposed design was tested
and evaluated with the simulation programs Ansys Fluent
CFD software to investigate thermal conformability. The
positive environmental impact of the new design was
revealed by comparing contours of solar heat flux,
reflected infrared solar flux, wall radiated heat flux of
surrounding buildings and analysis of temperature. Results
indicated that COS redesign initiated a framework that
integrates environmental comfort approaches producing
retrofitting design rubric.

Keywords Solar Radiation, Retrofitting Urban Study,
Thermal Comfort, Campus Outdoor Spaces

1. Introduction

The campus boundary includes all open and closed

spaces of the university, where educational, cultural, and
social activities are taking place [1]. COS integrate and
organize campus elements to facilitate scholars’ movement,
gathering in a comfortable environment. Plants, shades,
fountains, and pavements provide a comfortable
microclimate for users [2, 3].

COS in Seberbay was exposed to excessive solar
radiation, without shaded seating areas or convenient paths.
As a result, social contact and comfort environmental
retrofitting were the main pillars of the design decisions[4],
the retrofitting process began with a general examination of
the COS to determine main obstacles. After that,
appropriate solutions are suggested and analyzed. Finally,
COS before and after implementation of the design
elements and guidelines are compared [5].

1.1. Description of the Existing Conditions of the
Campus and Its Surrounding

The Seberbay campus is located in Tanta, Egypt, with
coordinates: (3049'32.46"N, 3059'41.4"E). The campus
consists of nine main buildings and some low-rise
buildings. The Campus area is 782>240 m2 (L>W). The
buildings have different heights which vary from 10 to 20
m. The campus is surrounded by a flat terrain from three
directions (The north, west, and south) that is agricultural
land. The eastern direction contains high terrain residential
buildings; their height ranges between 10 and 30 m [6].
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The aerial view of the campus from Google Earth as
shown at the top of figure 1 illustrates the orientation of
each building concerning the other. Design processes begin
by collecting data, maps, and photos[1], Then, design
decisions were based on the evaluation of obtained data
and the current situation of the study area. Another aerial

Faculty of Engineering  Faculty of Agriculture  Mosque

Main Lecture Hall

view of the campus from Google Earth is shown in the
middle of figure 1 which focuses on the study area and the
Campus Open Space between the buildings which has been
redesigned. The buildings are different in shape. Each one
has a specific design, and the distances between adjacent
buildings are also different.
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Figure 1. Showing the Seberbay campus and the open space in front of engineering faculty buildings (length 105 m and width 77 m) before and after

Campus Outdoor Space design, (Google photos and researchers)
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1.2. Seberbay Campus’ Open Space New Concept
Design

The Campus Outdoor Open Space[7], as shown at the
right in Fig.2, can be indicated by eight sides or an octagon
shape plaza. The total area of the plaza is 2333 m2 as
measured roughly on the Google Earth map.

In front of the buildings of workshops, seating areas
were arranged on both sides of the main entrance. Wooden
materials and Islamic design of the seating areas adapted
their instalment. Shades from the surrounded buildings
created a cooling effect for users. In the middle of the
seating areas in front of the main building entrance, some
occasional land uses can be observed such as exhibitions
and student centre services, as shown in Fig.2.
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The new design of the Campus outdoor Space attempted
to provide some features like welcoming, attractiveness,
smooth accessibility, and safety[1, 8, 9].

The main COS in front of the buildings was designed
almost like the Islamic Mafrouka shape embracing
greeneries and pedestrian paths as shown on the left side in
Fig. 2. The main target of the design was at protecting COS
users from excessive solar radiation and high temperature
by setting up semi arched path surrounded by trees and
shrubs and establishing shaded seating areas like pergolas
Moreover, pedestrian paths were defined by different floor
finishing materials. As for educational buildings, they
became easy to reach by using shaded pedestrian walkways
[1], as shown in Fig.1.

Messue 0stance

Total aea 233306 m* (2511280117
Total cistance 20678 m (678.42 1)

Figure 2. Photos of COS such as the wooden pergolas, The Islamic Design seating areas, the fountain (left) (Source: Google photos) and Google Earth
map of the studied plaza, and its boundaries displaying pedestrian circulation pattern (on the right)
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Figure 3.

Microclimate intervention enhancing hot dry urban environments, (Source: Authors)
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Figure 4. Measurements of the selected 20 monitoring points at COS on the left, and at the right-side Field measurement equipment Nova- Lynx weather station. (Source: Authors).
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In the middle of the square, four wooden pergolas were
added to create semi-closed social activity shaded areas.
Also, two fountains were installed for noise depletion
reinforcing a stress-free atmosphere, besides its cooling
effect decreasing surrounding temperature[10]. Fig.5
displayed different COS landscape characteristics that
succeeded in enhancing microclimate urban environments;
as exposed in fig.5, the COS landscape design was
developed in order to resolve some problems hindering the
use of external spaces such as excessive solar radiation and
high air temperature[11]. Also, the new design made an
Environmental positive contribution to urban by creating
new open and green spaces schemes.

2. Materials and Methods

The master plan of the campus was utilized as study
material. Google and researchers’ photos, as well as digital
tools like Adobe Photoshop, were utilized for COS
visualization and studies.

Firstly, the current situation of the environmental
conditions of the COS was analyzed through using the
Climate Consultant6.0 program[12, 13] and Nova- Lynx
WS-25 data logger weather station for field measurements
[14], investigations revealed excessive solar radiation and
high temperature hampering using overlooked space
between buildings.

The proposed design was developed to enhance the
environmental performance of the COS which was tested
and evaluated with simulation tools to study its
performance before and after the new design
implementation. Numerical simulation was carried out
using the Ansys Fluent CFD software [15, 16]. The impact
of the new design was surveyed by comparing contours of
solar heat flux, reflected infrared solar flux [17], wall
temperature of surrounding surfaces, and Analyzing the air
temperature before and after implementation, as shown in
figure 4 and figure 6.

2.1. Field Measurement Method

Field measurements were obtained by using Ws-25 data
loggers in COS the field measurements equipment, as
shown in fig. 4, attentive to trace air temperature and solar
radiation. These measurements played two main roles in
the study. It acts as input independent variables and
controlling analysis for validation.

2.2. The Computational Fluid Dynamics Method

The Computational Fluid Dynamics (CFD) method is
based on field measurement and weather information as
Data input for the COS simulation method. The main
advantage of using CFD is that it can swiftly predict future
design scenarios based on solid-based input data and
analyzing the environmental performance of the
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implemented design [18].

The data was investigated at a fixed time such as 21
September at 2.00 pm through the study period due to
Momentary weather changes, the selected COS was
divided with 20 monitoring points distributed in grid
distribution with grid different sizes. The results due to
implemented design were showing a remarkable decrease
in air temperature and radiated heat flux after design
modification. Point 1 shows the maximum decrease while
point 8 shows the minimum decrease of values, as shown in
fig 4.

The five main processes of Ansys Fluent simulation
begin with creating a geometrical model using available
data and drawings, we used AutoCAD in the current study
to build a three-dimensional model. Secondly, the grid cell
generation process. The third stage focused on setting up
the surrounding boundary conditions which identify the
surrounding buildings, surfaces, and needed measuring
points. Fourthly, the iteration process using energy
equation, radiation-Rosseland model, solar loading and the
turbulent kinetic energy k method is represented in the
following equations [15, 19-23]:

a(Pk)_l_a(Pkui) d |u, Ok o EE
ot dx,  0x;|ok 0x; HeByBy —Pe
d(pk) OJ(pey; 0 |u, O
bl Mz_ — —| + €121, E4E
ot ox; 0x; [oe 0x; t
&2
—-C —_
2eP k

For dissipation &€ k: Ui represents in the appropriate
direction the velocity component

Eij is the deformation rate component.

ut is eddy viscosity [14, 24-26]: External Radiation and
Heat flux to walls and COS surfaces is calculated in
ANSYS

FLUENT according to this equation:

q= hf(Tw - Tf) + Graa
= hext(Texe — Tw) + €exe0 (Too* — Tp*)
£q.:= External surface wall emissivity
o = The constant of Stefan-Boltzmann

T,, = Surface wall temperature

T,, = Radiation source temperature

qraqa= Wall heat flow from the radiative domain

Combined External Convection and Radiation equation
[25, 26]

q= hf(Tw - Tf) + Graa

= eextU(Tcg - Tl:;)
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Heat flux calculated on the surface of model objects g,
According to this equation:

qq = —kVt.n”

Where Kk represents material conductivity, and T
represents temperature, and n~ is normal to the surface.
[11, 19, 27-29]

Finally, data interpretation and analyzing graphs were
generated as the last stage to clarify the results obtained as
shown in figure 6. Boundary conditions of the COS are
traced from the surrounding Engineering faculty buildings
to be set up in the processing stage. The simulations
performed with the surrounding buildings within the
campus were modelled explicitly and the outer buildings of
the campus were modelled implicitly by including its
properties within the inlet boundary conditions in the
processing stage. The velocity profile of the inlet wind
speed was used as an inlet boundary condition[30].

Field measurements are developed to trace parameters
before and after implementation such as solar heat flux,
reflected infrared solar flux, wall radiated heat flux of
surrounding buildings, and Analysis of temperature [23, 31,
32] as shown in figure 7.

3. Results

Climatic conditions in Seberbay Campus are detected
from Tanta weather station and interpreted through climate
consultant 6.0, which are shown in Fig5. Inspecting the
data revealed the Environmental potentials of the Seberbay
Campus’ open space redesign.

First comparing these conditions with the ASHRAE
Handbook 2005 Determinants that people dressed in
normal winter clothes, the comfort temperatures is 680
FO0(20.00 C0) to 740 FO (23.30 CO) at relative humidity
50% [33], the comfort upper-temperature value could shift
50 FO (2.80 CO) warmer If lightweight summer clothes
were dressed up, ASHRAE will also indicate if the global
horizontal radiation value exceeded 315.5wh/m?. There is a
need for shading, as shown in Fig 5.

Comparison of the COS before and after the redesign as
shown in fig. 6 demonstrate results that indicate a decrease
in surface temperature from 70 Celsius to 44 Celsius,
global horizontal radiation from 650 Wh/m? to 150 Wh/m?,
and the air temperature decreased by 15 Celsius from 50c0
to 35 c0. These results are important for many reasons
including the prosperity in the selected places of the newly
installed shades like pergolas and the new greenery in the

plaza, taking into consideration human comfort.



Civil Engineering and Architecture 9(7): 2505-2516, 2021 2511

- [l Climata Comuitant 60 (Buitd 16, Jan 23, 2020) - o =
L!_:j Climate Consuftant 6.0 (&ll‘d 12, Sep 22, 2017) A i'@) S LOCATION: Tanta, GH, EGY
File Criteria Charts Help SN SrABING CRART e S e s
LOCATION: Tanta, GH, EGY e
CRITERIA: (Metric Units) Latitude/Longitude: 30.783" North, 31.0° East. Time Zone from Greenwich 2 S s B
Data Source: ISD-TMYx 623480 WMO Station Number, Elevation 12 m
370 Hoir s Exposed
ASHRAE Handbook of Fundamentals Comfort Model, through 2005 (select Help for definitions) ;ﬁ;:{':: a
1. COMFORT: (using ASHRAE Handbook through 2005 Model) 7. NATURAL VENTILATION COOLING ZONE: iz B
20.0] Comfort Low - Min. Comfort Effective Temp © 50% RH (ET™ C) 2,0/ Terrain Category to moddy Wind Speed (2=suburban)
23,3 Comfort High - Max. Comfort Effective Temp @& 50% RH (ET™ C) 0.2/ Min, Indoor Velocty to Effect Indoor Comfort (my's) :
17.8 Max. Wet Bulb Temperature (°C) 1.5 Max. Comfortable Velocity (per ASHRAE Std. 55) (m/s) -
2.2 Min. Dew Point Temperature (°C) | 36 Max. Perceived Temperature Reduction (°C) L
2.8 Summer Comfort Zone shifted by this Temperature (ET* C) 90.0' Max. Relative Humidity (%) S
IT10] winter Clothing Indoors (1.0 Closlong pants, sweater) 228 Max. Wet Bulb Temperature (°C) S— <
05| Summer Clothing Indoors (.5 Closshorts,Ight top) 8. FAN-FORCED VENTILATION COOLING ZONE: R ]
| 11 Acthity Level Daytime (1.1 Met=siting,reading) 0.8 Max. Mechanical Ventiation Velocky (m/s) I
2. SUN SHADING ZONE: (Defaults to Comfort Low) [ 3.0 Max. Perceived Temperature Reduction (°C) ==]
22.8' Min. Dry Bulb Temperature when Need for Shading Begins (°C) (Min Vel, Max RH, Max W8 match Natural Ventiation) Iy o %]
315.5 Min. Global Horiz. Radiation when Need for Shading Begins (Wh/sq.m) = 9 INTERNAL HEAT GAIN ZONE (tights, people, equipment): B T O
3. HIGH THERMAL MASS ZONE: 12.9] Galance Point Temperature beiow which Hesting is teeded (°C) SUN SHADING CHART e e e e
8.3 Max. Outdoor Temperature Difference above Comfort High (°C) 10. PASSIVE SOLAR DIRECT GAIN LOW MASS ZOKE: LEcEND |
l.;‘ Min. Nighttime Temperature Difference below Comfort High (°C) 137:74 in. Southy Wiiow Raaiation for.5.56°C. Temp e Rise (Whvaq-m oo =
3.0 Thermal Time Lag for Low Mass Buildings (hours) e S
T 11, PASSIVE SOLAR DIRECT GAIN HIGH MAS'S ZONE: swoerers
16.7 Max. Outdoor Temperature Difference above Comfort High (°C) : i
] 157.7. Min. South Window Radiation for 5.56°C Temperature Rise (WH/sq.m oo -
1.7 Min, Nighttime Temperature Difference below Comfort Migh (°C) 12.0 Thermal Time Lag for High Mass Bulldings (hours) cs,t?:":?;unm )
S-DRECT SVAPORAVIVE COULING ZOUE: Mofiaw! by Comiort 2008) 12, WIND PROTECTION OF OUTDOOR SPACES: H
[ER20.0; Max. Wet Bulb set by Max. Comfort Zone Wet Bulb (°C) 8.5/ Velocity sbove which Wind Protection is Desirable (m/s) ws |
| XL Min. Wet Buib set by Min. Comfort Zone Wet Bulb (°C) "~ 11.1 Ory Bulb Temperature Above or Below Comfort Zone (°C) |
6. TWO-STAGE EVAPORATIVE COOLING ZONE: 13. HUMIDIFICATION ZONE: (defined by and beiow Comfort Zone) i
$0.0| % Efficiency of Indirect Stage 14, DEHUMIDIFICATION ZONE: (defined by and above Comfort Zone) SQEMW: i
=== -
ERN
a = Emugmmr .
| Restore Defauit Values | | Recalculste | [ Back | [ Nex | — —

Figure 5. showing Comparing environmental conditions obtained through climate consultant 6.0 according to ASHRAE at left needed shades implementation in 1149 hours from 21/6 to 21/12 and 465 hours from
21/6 to 21/12 at right
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Figure 6. Comparison A revealed that Floor Surfaces Temperature decreased from 70 Celsius to 44 Celsius at 2.00 pm measured on 21 September,
and Comparison B between global horizontal radiation value before the implementation of the retrofitting of the COS which exceeded 315.5wh/m?
and then after redesigning as global horizontal radiation increased especially in shaded zones.

Also, Fig. 6 proves the positive impact of the COS in
diminishing needs of shades, by comparing global

horizontal radiation values before and after implementation.

The comparison revealed that global horizontal radiation
value before the implementation of the retrofitting of the
COS which exceeded 315.5wh/m? up to 650wh/m? and,
after redesigning as global horizontal radiation increased
especially in shaded zones to 150 wh/m?.

After the COS design retrofitting, floor Surfaces
Temperature decreased from 70 Celsius to 44 Celsius at
2.00 pm measured on 21 September as shown in Fig.6.
Moreover, these readings reassure the positive impact of
the presence of the shaded devices either green trees or
wooden pergolas in minimizing floor surface temperature,

especially in shaded areas.

4. Discussions

According to Figure7 on the top, the isometric view and
the graph show the vast variance between the two cases.
The first initial case showed a low fluctuation range of
absorbed solar heat flux ranges between urban surfaces
especially on ground surfaces. All values decreased,
especially in shaded areas, as shown in Figures 6 and 7.
The proposed urban structures added in the modified case
resulted in improving values of absolute solar heat flux
ranges which obviously when exceeded can lead to
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discomfort thermal conditions.

According to the next Figure 7 in the middle, the
isometric view and the graph show the vast variance
between the two cases. The first initial case showed a low
fluctuation range of reflected IR solar flux ranges between
urban surfaces especially on ground surfaces. The
proposed urban structures added in the modified case
resulted in enhancing values of reflected IR solar flux
ranges in which its increase causes discomfort thermal
conditions.

Using different materials and adding green areas
resulted in decreasing absorbed visible solar flux and
enhancing thermal comfort, as shown in the bottom of Fig.
7.

These results are important for many reasons as they
revealed new methods of assessing the retrofitting design
of Campus Outer Spaces (COS) which took into
consideration environmental conditions and surrounding
boundaries. The obtained results also support retrofitting
design decisions either in greenery or installing pergolas or
used surface finishing materials or water elements
instalment. Also, comparison between status before and
after implementation approved COS retrofitting design
success in creating diverse spaces to encompass different
purposes.

According to AHRAE, standards of human comfort and
environmental needs showing the need for shading when
global horizontal radiation value exceeded 315.5 wh/m?,
and the upper value of Maximum comfort high temperature
is 26.1°C If lightweight summer clothes were dressed.

Monitoring the environmental performance of the COS
through measurements or using simulation programs led to
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the emergence of problems that hinder the use of COS
spaces. The surface temperature was up to 70 degrees
Celsius, and the air temperature reached 50 degrees Celsius
before retrofitting the COS

As for the implementation of the proposed design, the
environmental performance of the campus improved, as the
surface temperature in the shade decreased to 44 degrees
Celsius; and consequently, the air temperature decreased to
35 degrees Celsius, as a result of avoiding excess solar
radiation by using the shading methods described in the
concept design, where the solar radiation decreased to a
comfortable value 150 w/m? according to AShARE which
enhanced the thermal performance of the studied COS by
decreasing the air temperature by 15 Celsius, surface
temperature by 26 Celsius, and 500 w/m? of solar radiation
value.

Using the simulation program Ansys fluent in evaluating
the new design enables us to make a more profound
analysis of many factors affecting the environmental
performance. As shown at the top of Figure 7, the absorbed
infrared solar flux diagram reveals a decrease of 203 w/m?
from 290 to 87w/m? in, as well as a decrease in the infrared
reflected flux. As shown in the middle diagram of 50 w/m?
from 71 to 21 w/m?, which directly affects the reduction of
the heat loads of the spaces. Moreover, the reduction of
visible radiation absorbed, from 480 to 180 w/m? is shown
in the last diagram which demonstrates a decrease of the
temperature of the surfaces and the air in contact with those
surfaces. Also, avoiding heat and excessive radiation and
improving thermal comfort are apparent results of reducing
all these values.
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Figure 7.
visible solar flux.

5. Conclusions

The main concept of retrofitting design of Seberbay
campus Outdoor Space (COS) focused on providing a
healthy warm environment, physical comfort and relaxing
greener sceneries. Analyzing existing problems in the COS
and developing a vision that overcomes these problems
was the main target of the COS retrofitting research and
design.

The major findings of this study are related to the ability
to numerically assess features that affect the urban quality
and assess project developed thermal performance after

shows on top contours of absorbed IR solar flux, in the middle contours of reflected IR solar flux, and at the bottom contours of absorbed

retrofitting of the selected COS. For example, the use of
shading design elements enhanced the thermal
performance of the studied COS by the air temperature by
15 Celsius, surface temperature 26 Celsius and 500 w/m?
of solar radiation value.

The importance of the environmental approach in the
proposed retrofit of the COS was authenticated through the
assessment of the design decisions technically. This
research specified successful design strategies for Campus
Outdoor spaces to achieve A healthy, vibrant and
sustainable environment for optimal use of space. Also, it
represents technical ways of qualitative evaluation of the
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renovating proposal.
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