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Malaysian tropical climate were thus, investigated for its feasibility in Malaysian
hospitals. A 2D CFX model is simulated at four different times (8 am, 10 am, 2pm and
4 pm). Openings provided at the bottom and top of the chimney and at the right of the
cabin with dimension of 1 m located 1 m from the floor level to allow air with room
temperature to enter the cabin and towards the solar chimney. Simulations were
validated form previous study and the study use solar irradiance from previous study
to simulate Malaysia’s solar irradiance and outside temperature. Steady state and
laminar flow were used in this study to model air turbulence in the cabin to the solar
chimney. The results show that the simulations have been validated and all 4 of
different time have been simulated. 2 pm with the highest solar irradiance have the
most air changes per hour (ACH), while 8 am with the lowest solar irradiance have the
least ACH. Further experimental study is currently ongoing.
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1. Introduction

Hospital is one of the longest energy consumers among buildings in Malaysia. This is due to the
nature of operation: 24/7, high occupancy and large equipment. The largest energy consumer is the
air conditioning system with an estimated usage of 60% of total energy consumed. Hence, energy
efficiency is crucial to ease the energy demand. In this study, potential of integration of solar chimney
in hospital building is explored, emphasizing on its suitability in tropical climate such as Malaysia.
Malaysia is located on the South China Sea, ranging from 3.164 ° north latitude to 101.7 ° east
longitude. Because it lies completely in the equatorial zone, it has a warm and humid climate
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experience. The climate is governed by the northeastern monsoon regime, which begins from
November to March and the southwestern monsoon originates from the Australian desert blow
between May and mid-September. The ambient temperature ranges from 24 ° C to 33 ° C[1]. The
average solar radiation is about 4.5 kWh/m? per day and 400-600 MJ/m? per month [2]. The Klang
Valley (Kuala Lumpur, Petaling Jaya) has the lowest solar radiation value in Peninsular Malaysia,
whereas the highest values are measured around Bayan Lepas (Penang) [3].

A solar chimney attached to a building serves as an excellent ventilation strategy based on the
natural driving force, that is, the Sun's energy. A study on the performance of two power output
control schemes for power plants in the solar chimney shown that the optimum ratio is not constant
throughout the day and depends on the coefficients of heat transfer applied to the collector [4]. In
experiments on a construction roof at the University of Melbourne, Australia, with a modified
Trombe wall by Akbarzadeh et al., [5] predicted the air velocity and temperature within a solar
chimney using two-dimensional, incompressible and steady state FLUENT simulations with
Boussinesq approximation. Various different turbulence models were examined and the realizable k-
€ model was found to be the most suitable. Furthermore, simulated results predicted that increasing
the outer wall temperature caused an increase in the volume flowrate and air temperature [6].

A study in the solar chimney has been observed for single-story residential buildings in Malaysia
that an optimal width gap of 1 m is recommended for 3.5 m solar chimney height [7]. Under
asymmetrical and symmetrical heating conditions of uniform wall temperature and uniform heat
flux, study for both laminar and turbulent natural convection was made in a vertical open channel of
solar chimney configuration. Their results showed that there was no simultaneous optimization of
the dynamic (mass flow) and thermal (heat transfer) performance of a solar chimney system [8]. In
other study concluded that increasing the width of the chimney from 0.1 m to 0.3 m improved the
ACH by almost 25 %, keeping the size of the chimney inlet fixed [9]. They also found that the width
of the chimney has a more significant effect on the pattern of space flow than the size of the chimney
inlet. In study showed that the surface radiation changes the fields of flow and temperature, affects
the Nusselt number and the volume flow rate and improves ventilation performance [10]. From
numerous study solar chimney can reduce cooling load and improve natural ventilation [11-13].

Solar irradiance is the amount of solar radiant energy falling on a surface per unit area and time
per unit. For most engineering applications, solar radiation measurements are one of the most
important. It is used for solar energy application design, sizing performance assessment and research.
Because this study is about feasibility of solar chimney in Malaysian hospitals only solar irradiance
data in Malaysian climate is simulated in this study. The high potential of feasibility of solar chimney
in Malaysian hospitals will benefit greatly in terms of energy efficiency. The main focus in this study
is on the performance of the analysis of solar chimney in Malaysia by making air changes per hour
(ACH) the performance criteria and feasibility of a solar chimney in Malaysian hospitals.

2. Methodology

To investigate the proposed solar chimney as a tool for energy efficiency at hospitals, several
parameters that affect the solar chimney's performance were considered based on the published
literature. Solar irradiance is the most widely used and the most conclusive parameter of research.
Researchers find that increasing solar irradiance increases air speed and temperature within the solar
chimney. The results that were presented by Daut et al., [14] have been used for the study meanwhile
for the validation, theoretical and experimental results in Bassiouny et al., [15] were used. After a
good agreement between simulation with theoretical and simulation results the numerical setup
from validation is used directly with only changing the solar irradiance and opening temperature. All
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4 of the solar irradiance at different time (8 am, 10 am, 2 pm, 4pm) were simulated and ACH is
analyzed. The choice of timing is based on the ambient temperature, which influences the air density
and hence the buoyancy force which creates the natural convection current in the solar chimney.

2.1 Computational Domain

CFX is chosen as the computational software to simulate the physical model as it is widely used
internationally by researchers in the field of solar chimney research. The computational model is
developed by ignoring the roof above of the cabin. Figure 1 and Figure 2 shows the typical solar
chimney design used in buildings, as well as the computational domain with a thickness of 10 mm.
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Fig. 2. Solar chimney dimension
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The modeled domain contains only the fluid domain as the material, which is air at 25 ° C. The air
reference pressure is 1 atm. The air leaves through the solar chimney and enters the open window.
The buoyancy model is turned on at 25 ° C and at y-direction the gravity is applied. With thermal
energy and thermal radiation activated, the airflow within the domain is considered laminar.

2.2 Computational Setup

Figure 3 and Table 1 show the setup needed to simulate this study. Firstly, to simulate 2D CFX
front and back of the model must be put in symmetry boundary condition. All wall boundary
condition must be no-slip wall condition. There are two openings where atmospheric pressure is
considered. There are openings on the right that lead the air to the solar chimney and on the left to
the outside air at the solar chimney. The solar chimney is glazed and fitted with an absorber. To avoid
conjugate heat transfer problem, the boundary condition for the glazing and absorber are calculated
manually from the value at Table 2.

2
Fig. 3. Location for boundary condition

Table 1
Specification for boundary condition
Location Surface Name Boundary Condition

1,2,3,56 Wall Wall (Room Temperature)

4 Window Opening (Room Temperature)

7 Glazing Glass Heat Flux (0.9 emissivity)

8 Chimney Opening (Outlet Temperature)

9 Absorber Absorber Heat Flux (0.95 emissivity)
Table 2
Variation of solar irradiance and outside temperature according time
Time Solar Irradiance (W/m?) Outside Temperature (°C)
8am 100 25
10 am 420 29
2 pm 720 33
4 pm 500 30
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To simulate 2D CFX the mesh size is the same as model thickness (10 mm) and simulated up to
6000 iterations with residual target of 0.0001 or whichever comes first.
2.3 Performance Criteria: ACH (Air Changes Per Hour)

Air changes per hour, ACPH or ACH abbreviated or air change rate is a measure of the volume of
air added to or removed from a space (normally a room or house) divided by the volume of space. If
the airin the space is either uniform or perfectly mixed, changes in air per hour are a measure of how
many times the air is replaced within a defined space. Air is neither uniform nor perfectly mixed in
many air distribution arrangements. The actual percentage of the air exchanged within a period of
an enclosure depends on the enclosure’s airflow efficiency and the methods used to ventilate it.
ACH is formulated by

ACH ==¢ (1)

where Q is volumetric flow rate (cubic meter per minute) and V is volume of the room (cubic meter)
2.4 Validation

The validation of the present numerical model is carried out by comparing the numerical results
with the experimental results of previous study obtained for a 3 m height and 3 m width cabin with
45 inclined channel of solar chimney. Simulations are carried out for the heat flux over the range of
650, 700 and 750 W/m? with its own outside temperature. Figure 4 and Figure 5 compares the results
between the mean air velocities at the channel exit and mass flow rate numerically predicted and
experimentally measured, showing a good agreement between the experiment and simulation. Table
3 shows the grid independence study.
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Table 3

Grid independence study
Mesh size (m) Outlet Velocity (ms?) Time taken for 6000 iterations

0.1 0.35 1 hour

0.075 0.22 2 hours 15 minutes
0.05 0.155 3 hours

0.025 0.152 5 hours 30 minutes
0.01 0.15 10 hours 45 minutes

3. Results and Discussion

The simulation results of this study will be discussed in terms of velocity contour, vorticity
contour, vector plot, velocity profile and changes in air per hour. The results will provide physical
description of the flow phenomenon inside the solar chimney and its expected adjoining space.

3.1 Velocity Contour

Figure 6 shows the contour of the u velocity part of four configurations considered for the solar
chimney. The velocity contours were plotted in the range of-0.20485 m / s to 0.286 m / s and the
positive flow direction is set to the right side of the computational models. In general, the aspect of
high u velocity can be observed for all cases at the solar chimney region, supporting the existence of
the buoyancy effect due to the flux of surface heat. Lower element of the u velocity can be observed
in the cabin area. At 2 pm, a strong negative element of u velocity can be seen entering the cabin
area from the window. The relative high value of the u velocity element indicates good external air
penetration into the cabin area. Reduction of the penetration can be observed as the solar irradiance
reduces at 4 pm, 10 am and 8 am. Figure 5 also shows that the top right and bottom of the cabin are
subject to very low positive u velocity, indicating rotational flow occurrence in the respective region.
The concept will be explored further in the next section of this study.
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Fig. 6. Velocity Contour at corresponding time

3.2 Velocity Vector and Vorticity Contour

Figure 7 displays the contour of vorticity and the vector plot for each configuration of the solar
chimney considered in this analysis. The findings were intended to address the potential incidence of
rotational flow, as indicated in the previous section. The vorticity contour was set to the range
between 0 s and 1 s while the vector represented total magnitude of the velocity within the
computational domain. Vorticity is mathematically defined as the curl of the field of velocity, and is
therefore a measure of the local rotation of the fluid. The description makes it a vector quantity.
Higher value of vorticity suggests rising wind speed when moving away from the trough center point
and vice versa. In general, the vorticity in the top right and bottom of the cabin can be observed

strong.
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Fig. 7. Swirl point for each time

Swirl points can be decided by visibility both of velocity curl contour and velocity vector The
number of swirl or vorticity core points can be found to be minimum in in at 8 am, 10 am and 4 pm
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with two points and maximum at 2 pm at four points. In Figure 6 all of the swirl points were labelled.
At 2 p.m., the cabin's top right region was dominated by the rotational flow originating at the point
labeled as | while the lower region is dominated by two distinct rotational flows originating at points
labeled as iii and iv. The occurrence of the rotational flow is induced by the main air flow path from
the window to the solar chimney which causes the air in the areas to stay in the cabin area
continuously. As the air penetration from the window at 8 am becomes lower, the decrease in
rotational flow also becomes relatively more noticeable. Existence of 2 weak swirl points in the cabin
area at 8 am supported it. 4 pm can be observed have a steady flow compared to other time even
though it has 3 swirl points. This is because of the moderate solar irradiance and high temperature.

The low vorticity value observed in the area at the bottom of the cabin indicates weaker air flow
in the area. The vector plots shown in Figure 6 are consistent with the discussion on flow penetration
from the window into the cabin region in the previous section.

3.3 Velocity Profile

Figure 8 displays the velocity profile for all configurations that was recorded at the solar chimney
outlet. Maximum 20 points were extracted and mapped to represent the velocity profile. To compare
it with all cases, at 2 pm registered highest average exit velocity at 0.2404 m/s while at 8 am
registered the lowest average exit velocity at 0.0813 m/s. At lower solar irradiance, the velocity
distribution is observed to be lower. This is because by the higher solar irradiance, fluid domain move
faster towards exiting chimney as can be noticed in Figure 7.
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Fig. 8. Outlet Velocity

3.4 Air Changes Per Hour (ACH)
Increased solar irradiance greatly increases outlet velocity. This can be said because of the higher
solar irradiance made the fluid domain move faster. All time have a very similar pattern and the

velocity profile ended differently for each time. High solar irradiance corresponds with higher mass
flow rate and higher ACH.
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From window to solar chimney airflow perspective, 2 pm with the highest velocity of air while 8
am with the lowest velocity of air were further proven in the Table 4 below that at 2 pm have the
highest of air changes per hour (ACH) while 8 am is the lowest. In terms of mass flow rate and air
change per hour (ACH), the low speed inside the cabin for 8 am can be seen its effect clearly. The
ACH is measured and tabulated using the air properties at 25 ° C.

Table 4
Mass Flow Rate and ACH for each time
Time Mass Flow Rate (kg/s) ACH

2 pm 0.0539342 17.73
4 pm 0.0450978 14.83
10am  0.043345 14.25
8am 0.0206523 6.79

The ACH reduction can be seen clearly when 10 am and 8 am compared. For all the time the
reversed flow does not happen. A similar flow patterns can be seen in each simulation from windows
opening to solar chimney. Even tough from previous study stated that simply increasing air change
rates in the tested hospital operating rooms did not necessarily provide a cleaner general
atmosphere, but significantly increased energy consumption and expenses [17] it can be neglected
because solar chimney is a natural passive ventilation and can reduce cooling load [11].

4. Conclusions

This study explores the potential for energy efficiency in hospitals via integration with solar
chimney. In this study, the effect of solar chimney has been the main focus of the study. From the
CFD simulation, it was found that by differentiating the four input parameters and developing the
computational models all simulations indicate that the temperature of the output air remains
constant. This study was limited by the design of the solar chimney that have different orientation
and different type of materials of the solar chimney may or may not change the performance of the
solar chimney. From results of simulation it can be concluded that

i. Because of its highest solar irradiance 2 pm produce the highest outlet velocity and ACH.
ii. Lowest vorticity occur when highest solar irradiance is applied.
iii. A passive cooling solar chimney is feasible at hospital in Malaysia.
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