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ABSTRACT 

 

Adequate ventilation rates are crucial to flush-out 

unwanted heat in non-conditioned apartment buildings in 

Dhaka city. The objective of this study was to identify an 

appropriate zoning regulation scheme for Dhaka’s 

overcrowded residential area, which would provide better 

ventilation in apartment buildings without compromising 

the existing density. Four zoning regulation schemes 

(existing as well as hypothetical) were studied in terms of 

their impact on indoor ventilation. These schemes vary in 

terms of ‘maximum buildable area’ (80%, 70%, 60%, and 

50%) and ‘maximum building height’ (6, 7, 9, and 11 

stories) but the schemes are same in terms of density (90 

DU/Acre). Ventilation potential in four different clusters of 

apartment buildings (modeled based on the four schemes) 

was examined using FLUENT and EnergyPlus. The study 

found that one of the hypothetical zoning regulation 

scheme (maximum buildable area = 70%; maximum 

building height = 7-story) provides better ventilation than 

the others. 

 

1.  INTRODUCTION 

 
Adequate ventilation rates are crucial to flush-out 

unwanted heat in non-conditioned apartment buildings. 

However, inadequate ventilation rates are common in non-

conditioned apartment buildings in dense urban areas. This 

is typical for apartment buildings in Dhaka city [1] [2]. 

Due to land scarcity and high population density, higher 

density is inevitable in Dhaka city. Therefore, research on 

‘improvement of ventilation potential without 

compromising existing density’ is crucial for Dhaka city. 

This study first examines how existing zoning regulations 

affect ventilation in apartment buildings through 

controlling physical form of building development; second, 

it proposes a zoning regulation scheme that would improve 

ventilation rates in apartment buildings without 

compromising the existing density.  

 

Dhaka’s haphazard and dense built environment is the 

result of its inadequate zoning regulations enacted prior to 

2008 [3]. Until 1996, zoning regulations had no control 

over the physical form of building development [4]. From 

1996, zoning regulations started controlling the physical 

form of building development; by ensuring open spaces 

around building through setback rules. The setback rules 

ensured five feet wide open space along front of the lot, 

four feet along both sides of the lot, and six feet along the 

rear part of the lot [5]. The 1996 regulations also 

established a six-story height limitation. However, to have 

maximum profit, people built up to these limits and these 

result in narrow gaps between buildings. These gaps are too 

narrow (eight feet) to allow ample wind movement around 

buildings which is necessary for adequate ventilation rates 

in apartment buildings.  

 

To allow ample wind movement, along with other 

objectives, The Dhaka Metropolitan Building Construction 

Act-2008 specifies reduced ‘maximum buildable area’ to 

ensure more open spaces in the lots. Moreover, it allows 

higher building heights (under specified Floor Area Ratio) 

to preserve some of the previous densities. As a result, 

apartment buildings with same floor area now (under 2008 

regulations) enjoy more open spaces because their 

footprints are smaller but they have more floors on top. 

Although the new regulations seem to improve ventilation 

rates in apartment buildings, no post-evaluation study was 

conducted to research the effect of this new set of 

regulations. Moreover, existing literature also do not 

implicitly tell how much improvement in ventilation would 

occur by reducing the ‘maximum buildable area’ and 

allowing more floors on top.   

 

Furthermore, researches on zoning regulations’ impact on 

ventilation rates (in natural ventilation) are also scarce. 

Most relevant researches focus on the relationship between 

density of urban form and its impact on ventilation. Fahme 

and Sharples [6] analyzed ventilation potential in three 

patterns of urban residential forms –i) high density – 
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narrow gaps between five-story buildings, ii) medium 

density - little wider gaps between four-story buildings, 

and iii) low density - wide gaps between one or two story 

villas. The study result suggests higher ventilation 

potential in low density urban forms. However, low 

density urban form is not pragmatic for Dhaka’s context. 

 

In medium density housing in an Australian hot humid 

city, Su [7] studied outdoor ventilation for two different 

building configurations with a similar Floor Area Ratio 

(FAR). One is single story and the other is double story but 

its plan area is half of the former. The later configuration 

showed 18-20% improvement in outdoor ventilation.  

Grosso and Banchio [8] studied the impact of plan area 

density on wind driven cross ventilation. Their study 

considered five European locations with varying plan area 

density, and shows that a decrease in plan area density 

increase wind driven cross ventilation. Both of these 

studies show that lower plan area density with constant 

building volume provides better ventilation; but 

interpreting this idea in terms of zoning regulations was 

not their study objective. Moreover, magnitude of 

ventilation improvement, in terms of indoor ventilation 

rates, was also beyond their study objective. 

 

The intention of this research is to first evaluate the 

existing regulations, and second, to suggest appropriate 

zoning regulation schemes for Dhaka’s non-conditioned 

apartment buildings (for a lot size of1/3rd acre), which 

would improve ventilation rates without changing its 

existing density. To accomplish the first goal, this research 

analyzed two existing zoning schemes (one based on 

regulations of 1996, and the other based on the regulations 

of 2008). To accomplish the second goal, this research 

analyzed two hypothetical zoning schemes. The 

hypothetical ones were studied because this research finds 

1996 and 2008 regulations to be two extremes (in terms of 

allowing open space and building height), and therefore 

examination of in-between alternative zoning schemes 

seemed essential for this study.  

 

2.  METHODOLOGY 

 

2.1  Selection Of Zoning Regulation Schemes As 

Independent Variables  

 

The studied zoning regulation schemes need to be 

comprised of certain zoning regulation components which 

have influence on wind access in buildings. The literature 

review identified following zoning regulation components 

to be influential for wind access in buildings – i) density 

(units - Dwelling Unit per Acre (DU/Acre); Floor Area 

Ratio (FAR)), ii) maximum buildable area in a lot (units - 

percentages of the lot area), iii) maximum building height 

(units - number of stories), iv) setbacks, v) orientation.  

 

This study considered a density of 90 DU/Acre. Although 

the unit of density in existing regulations is FAR, this study 

found DU/Acre to be more appropriate for its study. 

Because, zoning schemes were examined to see which one 

would provide better ventilation in higher number of 

dwelling units. The context behind considering a 90 

DU/Acre is presented in this paragraph. The 2008 

regulations specify different FAR for different lot sizes. 

1996 regulations do not specify density; however, using its’ 

specified setbacks and building height limit, possible 

values of FAR was calculated. Table-1 shows different 

FAR for different lot sizes under both 1996 and 2008 

regulations. Table-1 also shows that under both regulations, 

the FAR is almost same for 1/3rd acre lots (an FAR of 5 

under 2008 regulations, and an FAR of 5.1 under 1996 

regulations). This is crucial for this study because this 

study wants to examine ventilation rates under different 

zoning regulation schemes with a similar density. 

Therefore, this study chose to limit its investigation on 

zoning regulations for 1/3rd acre lot, and this is why a FAR 

of 5 was crucial. To translate this FAR of 5 into DU/Acre, 

this study required finding the typical number of dwelling 

units under a FAR of 5. A survey on existing apartment 

buildings (with a FAR of 5) showed that the typical number 

of dwelling units in 1/3rd acre lot is ‘thirty’. Therefore, 

after translation, a FAR of 5 became a density of 90 

DU/Acre.  

 

TABLE 1: DIFFERENT DENSITIES (FAR) FOR 

DIFFERENT LOT SIZES 

 

 Lot size (in Acre) Density (FAR) 

2008 regulations 

1/18th 3.25 

1/12th 3.5 

1/8th 3.75 

1/6th 4 

1/3rd 5 

1996 regulations 

1/18th 4.2 

1/12th 4.26 

1/8th 4.56 

1/6th 4.68 

1/3rd 5.1 

 

This study analyzed four variations in maximum buildable 

area – 50%, 60%, 70%, and 80%. The first one is 

mentioned in the 2008 regulations for 1/3rd acre lots. The 

fourth one is not mentioned in any regulations, but it is the 

maximum buildable area for a 1/3rd acre lot allowed by the 

setback rules of 1996 regulations. The second and third 

variations are hypothetical.  This study found 50% and 
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80% to be two extreme variations, and therefore, added the 

two hypothetical ones to investigate more variations in 

zoning regulations. This 10% difference in ‘maximum 

buildable area’ also compliments the gradual change in the 

number of dwelling units/floor. 10% area of a 1/3rd acre 

lot is almost close to the average size of a single dwelling 

unit [9]. Under 80% maximum buildable area, a 1/3rd acre 

lot typically has 6 units/floor; under 50%, it would have 3 

similar size units/floor.  Therefore, 70% maximum 

buildable area can have 5 Units/floor, and 60% can have 4 

Units/floor. So, four variations in ‘maximum buildable 

area’ also offer four variations in ‘number of units/floor’. 

 

This study analyzed four variations in maximum building 

height. For a density of 90 DU/Acre, the ‘maximum 

building height’ (for 1/3
rd

 acre lots) under 1996 regulations 

was six-story (parking on first floor; 6 units on each of the 

remaining five floors). 2008 regulations do not mention 

‘maximum building height’. However, using the maximum 

buildable area of 50% and a density of 90 DU/Acre, the 

‘maximum building height’ for a 1/3rd acre lot become 

eleven-story (parking on first floor; 3 units on each of the 

remaining ten floors). For a 60% ‘maximum buildable 

area’, the ‘maximum building height’ becomes seven-story 

(parking on first floor; 5 units on each of the remaining six 

floors). For a 70% ‘maximum buildable area’, the 

‘maximum building height’ becomes nine-story (parking 

on first floor and half of the second floor; 2 units on half of 

the second floor; 4 units on each of the remaining seven 

floors). 

 

TABLE 2: DETAILS OF FOUR ZONING 

REGULATION SCHEMES 

 

Independent 
variables 

Basis for the  
schemes 

Maximum 

buildable 

area 

Maximum 

building 

height 

Density 
(DU/Acre) 

Dwelling 

Units/ 

Floor 

Zoning 

Regulation 
Scheme #1 

1996 

regulations 
80% 

6-story 

(1st floor-
parking) 

90 6 

Zoning 

Regulation 

Scheme #2 

Hypothetical-
1 

70% 

7-story 

(1st floor -

parking) 

90 5 

Zoning 

Regulation 
Scheme #3 

Hypothetical-

2 
60% 

9-story 

(1st & half of 

2nd floor 

-parking) 

90 4 

Zoning 
Regulation 

Scheme #4 

2008 

regulations 
50% 

11-story 
(1st floor – 

parking) 

90 3 

 

To consider four variations in ‘maximum buildable area’ 

along with four variations in ‘maximum building height’, 

this study required performing separate ventilation 

simulations for four separate building developments. For 

each of these building developments, ventilation 

simulation using Computational Fluid Dynamics (CFD) 

tools requires large computational time and resources. If 

four variations in ‘orientation’ had to be considered, the 

required computational time and resources could be four 

times larger. This is why variations in ‘orientation’ were 

not included in this study. In the same manner, ‘setbacks’ 

was also excluded due to its limitless variations.  

 

The selected zoning regulation components and their 

values were conveniently grouped under four zoning 

regulation schemes which became the independent 

variables for this study. These zoning regulation schemes 

are shown in table-2. 

 

2.2  Selection Of Building-Forms To Match The 

Restrictions Of The Selected Zoning Schemes 

 

To study indoor ventilation rates under the selected zoning 

schemes, particular building-form needed to be selected for 

each zoning scheme. A building-form that needs 80% of 

the lot area for its footprint (regulated by zoning scheme-1) 

will not fit zoning scheme-4, which only allows 50% of the 

lot to be built upon. Moreover, there are more than one 

possible building-forms for each zoning scheme. 

Examining all possible building-forms for each zoning 

scheme was beyond the scope of this research. Therefore, 

this research performed a survey on existing building-

forms; to identify one typical building-form suitable for 

each of the zoning scheme. The survey was performed in 

Dhanmondi Residential Area because its typical lot size is 

1/3rd acre. 

 

The survey results are shown in Table-3. Table-3 shows 

that there were eight types of building-form observed in the 

studied area. Type-1 was the most frequently used 

building-form that occupied 80% lot area, and therefore, it 

was selected for zoning scheme-1. Type-6 was the only 

building-form that occupied 70% lot area, and therefore it 

was selected for zoning scheme-2. Type-7 and type-8 were 

the only two variations in building-forms those occupied 

70% lot area. Type-7 was more frequently used than type-

8, and therefore, it was selected for zoning scheme-2. 

 

A suitable building-form for zoning scheme-4 was not 

found in Dhanmondi Residential Area. There is not a single 

multistory apartment building in the studied area that 

occupies 50% lot area. Therefore, a hypothetical apartment 

building-form was designed that fulfills the regulations of 

zoning scheme-4. Using the author’s professional 

experience in Dhaka’s apartment design industry, a 

building-form that occupies 50% lot area and is 11-stories 

high was generated. Table 4 shows all four building-forms 
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(for four zoning schemes) along with their footprints. 

TABLE 3: BUILDING-FORM TYPOLOGY OBSERVED 

IN DHANMONDI RESIDENTIAL AREA 

 

ID 
number 

Satellite 

 image of the 

building-form 

Footprint  

of the 
building-

form 

Number  

of  

each type 

Percentage  

of  

each type 

Lot area 

occupied by 
building 

footprint 

1 

  

60 52% 80% 

2 

  

21 18% 80% 

3 

  

14 11% 80% 

4 

  

9 08% 80% 

5 

  

5 04% 80% 

6 

  

2 02% 70% 

7 

  

5 04% 60% 

8 

  

1 0.8% 60% 

 

 

TABLE 4: BUILDING-FORMS AND FOOTPRINTS 

SELECTED FOR FOUR ZONING SCHEMES 

 

Zoning 

scheme-1 

Zoning 

scheme-2 
Zoning 

scheme-3 
Zoning 

scheme-4 

    

    

 

2.3  Selection Of Simulation Tools To Calculate 

Ventilation Rates 

 

The most commonly used techniques to study wind flow in 

and around buildings are – i) experimental correlation, ii) 

inverted salt gradients, iii) wind tunnel testing, iv) airflow 

network model, and v) Computational Fluid Dynamics 

[11]. Experimental correlations are simple to use. However, 

they lack flexibility to handle variable room geometries, 

because the correlations are obtained from a particular type 

of geometry [12]. Both the ‘inverted salt gradients’ and 

‘wind tunnel test’ posses the following limitations: i) 

measurement data of wind velocity are limited to a few 

points, and ii) instrumentation used for the velocity 

measurement can disturb flow pattern [13]. Therefore, only 

‘airflow network model’ and Computational Fluid 

Dynamics (CFD) were used in this research to calculate 

wind data.  

 

In this study, ENERGYPLUS was used to perform the 

tasks of ‘airflow network model’, and FLUENT was used 

to perform the tasks of CFD. According to Lixing Gu [14] 

“EnergyPlus’ airflow network model was validated against 

measured data from both the Oak Ridge National 

Laboratory (ORNL) and the Florida Solar Energy Center 

(FSEC) [14].” For validation of FLUENT against measured 

data, numerous studies have been performed and success 

was shown [16].  

 

To calculate ventilation rates in individual dwelling units, 

two sets of simulations were performed for every zoning 

regulation schemes. One was an outdoor wind flow 

simulation using FLUENT, and the other one was indoor 

wind flow simulation using ENERGYPLUS. The output 

from outdoor wind flow simulation was ‘wind pressure 

coefficient’ calculated on exterior windows in the studied 

apartment building. These ‘wind pressure coefficients’ 

were then used in ENERGYPLUS as inputs, to calculate 

ventilation rates in individual dwelling units. Both outdoor 

and indoor wind simulation procedures are discussed in the 

following paragraphs. 

 

2.3.1  Outdoor Wind Flow Simulation 

 

Outdoor wind flow simulation was performed using the 

following steps. 

 Modeling the geometry: A pre-processor named Gambit 

was used to create the geometry and grid for the 

Fluent’s CFD simulations. To simulate outdoor wind 

flow for each zoning scheme, the studied apartment 

building along with its neighboring buildings were 

modeled as solid blocks. The neighboring buildings also 

followed the apartment building’s geometry. The 

buildings placed beyond the neighboring sites are 

ignored but they are represented by applying a 
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‘roughness height of mean city center’ on the ground 

surface of the computation domain. Fig.-2 (left) shows 

the floor of the computation domain, with the solid 

blocks on top of it. 

 Creating the computation domain: size of computation 

domain was different for different zoning schemes 

because it depended on the apartment building’s height. 

According to the ‘Best practice guideline for CFD 

simulation of flows in the urban environment,’ the 

domain height has to be at least five times the building-

height; the distance between the studied building and 

the side of the domain has to be at least five times the 

building-height. The same is true for the front of the 

domain. For the rear, it has to be at least fifteen times 

the building-height [18]. These guidelines were strictly 

followed which is also visible in Fig.2 (left). 

 

 
Fig. 2: two sub-domains in the computational domain (left 

image); Uniform structured grid in inner sub-domain, and 

non-uniform tetrahedral grid in the outer sub-domain (right 

image) 

 Constructing the computational grid: accuracy of CFD 

solutions depends on its grid size as well as number and 

quality of its grids. Uniform structured grids are better 

in terms of accuracy but its large computation cost is 

impractical for most urban wind analysis scenario [18]. 

To overcome this large computation cost without 

compromising accuracy, the computational domain was 

divided into two sub-domains – i) an inner sub-domain 

for the buildings, adjacent alleyways and streets, and ii) 

an outer sub-domain for free flow of wind. The inner 

sub-domain was constructed with high resolution 

uniform structured grids; and the outer sub-domain was 

constructed with tetrahedral grids, which were smaller 

nearer to the inner domain and coarser nearer to the 

periphery (Fig.-2 (right)). Grids in inner sub-domain 

are all 0.25mX0.25m. This grid size allowed a 

minimum of ten cells between adjacent buildings; 

which is suggested by best practice guideline for CFD 

simulations [18]. The outer sub-domain was 

constructed using a size function. Due to the size 

function, the sizes of smaller grids (located nearer to 

inner sub-domain) were close to the grid sizes in inner 

sub-domains. The size function also allowed a gradual 

increase (at an increment rate of 1.2) in grid sizes. The 

grid sizes increased from the inner sub-domain 

periphery towards the outer sub-domain periphery. 

Thus, high resolution grids were ensured for buildings 

and their immediate surroundings, to increase 

computational accuracy. At the same time, allowing 

larger cell sizes towards the periphery reduced the total 

cell numbers; hence reduced computation time.    

 Creating boundary conditions: wind data (wind speed 

and directions) for April 5th was used in the boundary 

conditions. According to the weather file (downloaded 

from EERA website) used in this study, April 5th was 

the hottest day in the year. Therefore zoning 

regulations’ impact on ventilation on this particular day 

was worth to study. The south face of the computation 

domain was chosen as ‘velocity inlet’ because on April 

5th, wind is blowing from south direction for all day 

long. No velocity profile was chosen for this inlet 

condition because the four zoning schemes were only 

compared with each other, not with any recorded 

measurements. Instead, a velocity of 2.775m/s was 

assigned in this velocity inlet which is the average wind 

speed recorded for April 5th. No temperature was 

assigned since the simulations were isothermal and they 

were only for wind flow calculations. The north face 

was chosen as ‘pressure outlet’; the two sides and the 

top of the domain were chosen as ‘symmetry’ boundary 

conditions. The standard wall functions were used with 

sand-grain base roughness modification that is default 

to Fluent. 

 Choosing appropriate turbulence model: the ‘realizable 

k-ɛ turbulance model was chosen to run the simulations 

because its good performance has been validated for 

urban wind analysis [20]. 

 Convergence criteria: following the ‘best practice 

guideline’, convergence of the scaled residuals was set 

to 10
-5

. However, residuals for continuity equation 

reached close to 10
-5

, and other reached close to 10
-7

. 

The greatest benefit regarding convergence was 

achieved through the use of uniform grid around the 

buildings. It helped to bring the convergence down to 

10
-5

 from 10
-3

. 

 Grid independence test: a grid independence test was 

performed before finally using the mentioned grid 

generation methodology. The main concern regarding 

this methodology was that whether 10 grids between 

two buildings were reasonable or not. First a simulation 

environment was created based on this methodology. 
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Then a second simulation environment was created 

where 20 grids were assigned between two buildings. 

In both cases, a virtual plane was chosen that crosses 

the alley way; and mass flow rate was calculated 

through this plane. The performance difference 

between these two is 0.004%. Therefore, it was found 

that 10 cells scheme works reasonably close to the 20 

cells scheme. Therefore, the simulations performed 

using this grid generation methodology can be called 

grid independent. 

2.3.2  Indoor Wind Flow Simulation 

 

The chosen output of outdoor wind flow simulation was 

wind pressure coefficient (calculated on each exterior 

window). These wind pressure coefficient were used as 

input for indoor wind flow simulation in ENERGYPLUS. 

For simple rectangular buildings, EnergyPlus uses ‘surface 

average calculation’ procedure to get these pressure 

coefficients. However, surface average calculation is based 

on previously recorded and published data for free-

standing rectangular buildings [21]. The apartment 

buildings in this research are not free-standing; rather their 

surroundings vary based on different zoning schemes. 

Therefore, ‘surface average calculation’ was not a rigorous 

approach for this research; hence outdoor CFD simulations 

were carried out to get more accurate wind pressure 

coefficient data.  

 

In each individual dwelling unit, some exterior windows 

experienced positive wind pressure coefficient and some 

experienced negative wind pressure coefficient. Using 

these pressure differences, ENERGYPLUS’s ‘airflow 

network model’ calculated wind flow from outside to 

inside as well as from inside to outside. To study 

ventilation rates in each individual dwelling unit, a multi-

zone model of the dwelling unit was created. Each zone in 

the multi-zone model represents a single room, and they 

were all linked through an ‘airflow network’. The ‘airflow 

network’ calculated transfer of air from outside to each 

individual room as well as from one room to another, and 

thereby provided average ventilation rate for each room. A 

detailed explanation regarding the task of airflow network 

is presented in the following paragraph. 

 

An electrical circuit is a good analogy for ‘airflow network 

model’, where following representative details exist: i) 

airflow corresponds to electric current, ii) centroids of each 

exterior window as well as centers of each room 

corresponds to electrical nodes, iii) room or zone pressure 

corresponds to voltage at an electrical node, and iv) doors 

and windows connecting two rooms correspond to an 

electrical conduit [23]. Through different equations, the 

model represents: i) pressure versus airflow relationship in 

the doors or windows, ii) mass conservation in the rooms, 

and iii) hydrostatic pressure variations in the rooms [24]. 

Using these equations, the model calculates average 

pressure in each room and average airflow rate through 

each door or window. Thus, using the wind pressure 

coefficient data (generated using FLUENT), 

ENERGYPLUS calculated ventilation rates in individual 

dwelling units. 

 

3.  RESULTS AND DISCUSSIONS 

 

To get a complete picture of ventilation potential in all four 

zoning schemes, all thirty dwelling units in each scheme 

needed to be studied. However, it would require a total of 

120 simulations. Moreover, to get an average ventilation 

rate in each individual dwelling unit, ventilation rates in all 

of the rooms had to be included too. To make this study 

manageable in terms of computation time, only dwelling 

units on bottom floors (all together 18 dwelling units) were 

studied and compared. Bottom floors were chosen because 

they are in worse condition regarding wind access in 

buildings (wind speed reduces as it gets closer to the 

ground). So, if a zoning scheme could provide better 

ventilation in bottom floors, it could also provide better 

ventilation in upper floors. Table-5 shows average hourly 

ventilation rates (unit: Air Change per Hour or ACH) in all 

units under all four zoning schemes. 

 

Table-5 shows that zoning scheme-2 and zoning scheme-3 

provided an average hourly ventilation rate of 33 and 31 

ACH. Zoning scheme-4 provided lower ventilation rate (22 

ACH) than the scheme 2 and 3. Zoning scheme-1 provided 

similar average ventilation rate like that in scheme-4. 

However, it provided higher ventilation rate (38 & 35 

ACH) in unit 2A and 2B, and very low average ventilation 

rate in (12 ACH) rest of the four units. 

 

TABLE 5: AVERAGE HOURLY VENTILATION 

RATES IN ALL DWELLING UNITS UNDER ALL 

FOUR ZONING SCHEMES 

 

Zoning 

scheme 

number 

Average 

ventilation 

rate (ACH) 

Ventilation rate in individual dwelling units at 
second floor (ACH) 

2A 2B 2C 2D 2E 2F 

#1 20 38 35 11 12 12 12 

#2 33 34 34 28 27 44  

#3 31 30 31 30 31   

#4 22 25 20 20    

 

It was expected that zoning schemes which allowed more 

open space would provide higher ventilation rate. 
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However, table-5 shows that higher ventilation rate is also 

possible in denser context (in scheme-2, if compared with 

scheme-4). 

 

Unit 2A in scheme-1 experienced the highest ventilation 

rate (38 ACH) even though scheme-1 had the least open 

space to allow maximum airflow. The possible reason is 

the pressure difference on the exterior facades. The south 

façade of unit 2A experienced positive wind pressure due 

to uninterrupted south wind from street-front; and its west 

façade experienced negative pressure due to its location in 

the alleyway. This pressure difference caused the higher 

ventilation rate. This pressure difference was zero for unit 

2C under scheme-1. Both its west façade and north façade 

experienced the same amount of negative pressure, and 

therefore the ventilation rate was low (11 ACH). Fig. 3 

shows pressure difference in different facades of unit-2A 

and 2C of scheme-1. 

 

Under zoning scheme-1, the incoming south wind had only 

smaller alleyway to pass through the buildings and 

therefore, it caused the high pressure on south facade. This 

was not the case in zoning scheme-4 which allowed larger 

open spaces around the buildings. This allowed the south 

wind to pass through the buildings without creating any 

large pressure on the south walls. Therefore, relatively 

lower ventilation rate was observed in unit 2A and 2C 

under scheme-4. 

 

 
Fig. 3: wind pressure differences in different facades of 

apartment building (under zoning scheme-1). 

 

Principally, the higher the ventilation rate, the better it is to 

flush out unwanted heat from indoor. In naturally 

ventilated spaces, the indoor temperature follows the 

outdoor temperature. Dhaka’s average hourly temperature 

on April 5th is 31.34
o
C. With adequate ventilation rate, all 

the dwelling units’ average hourly indoor temperature 

should be close to this temperature. To see whether the 

zoning schemes were providing adequate ventilation rates 

for the dwelling units, thermal simulations in unit 2A and 

2C in all four zoning schemes were performed in 

EnergyPlus. Table-6 shows solar heat gain, ventilation 

rates, and resultant average hourly indoor temperature in 

these units. 

 

Under zoning scheme-1, both unit 2A and 2C experienced 

higher solar gain. 2A had higher ventilation rate, and 

therefore, it flushed out more unwanted heat. Average 

hourly indoor temperature in unit 2A was 31.5
o
C which 

was close to the average hourly outdoor temperature 

(31.34
o
C). On the other hand, unit 2C had lower ventilation 

rate and therefore it could not flush out enough heat; hence 

its average hourly indoor temperature was higher (33.13
o
C) 

than unit 2A. 

 

TABLE 6: VENTILATION RATES IN DWELLING 

UNITS, WITH HOURLY SOLAR GAIN (W/M2) AND 

AVERAGE HOURLY INDOOR TEMPERATURE ( C ). 

 
Zoning 
scheme 

number 

Dwelling 
unit 

number 

Ventilation 
rate 

(ACH) 

Average 
hourly solar 

gain (W/m2) 

Average hourly 
indoor 

temperature (C) 

#1 
2A 38 1188 31.5 

2C 11 1047 33.13 

#2 
2A 30 365 31.84 

2C 28 307 31.49 

#3 
2A 34 447 31.61 

2C 30 333 31.56 

#4 
2A 25 524 31.53 

2C 20 370 31.41 

 

In each of the rest of the zoning schemes, unit 2A received 

little higher solar heat gain than unit 2C; however, with a 

little higher ventilation rate, unit 2A reduced the average 

hourly indoor temperature almost close to that in unit 2C. 

 

So, Table-6 shows that zoning scheme-1 only provided 

adequate ventilation rate for two of its dwelling units. It 

allowed low ventilation rates for the other four units and 

consequently caused high indoor temperature in those 

units. Zoning scheme 2, 3, and 4 provided adequate 

ventilation rates to the apartment buildings to tackle their 

solar heat gain. However, scheme-2provided the highest 

ventilation rates, and therefore, it proved to be the most 

appropriate zoning regulation scheme. 

 

4.  CONCLUSION 

 

The objective of this study was to identify an appropriate 
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zoning regulation scheme for Dhaka’s overcrowded 

residential area, which would provide better ventilation in 

apartment buildings without compromising the existing 

density. Ventilation potential in four different clusters of 

apartment buildings, based on existing as well as 

hypothetical zoning regulation schemes, was examined 

using FLUENT and EnergyPlus. The study showed that a 

zoning regulation scheme which allows a 70% ‘maximum 

buildable area’ and a seven-story ‘maximum building 

height’ provides maximum ventilation.  

 

Moreover, this study also identified that ‘improvement in 

ventilation rate’ is not proportional to the ‘reduction of 

maximum buildable area’. Among the four studied zoning 

schemes, there is a gradual reduction in ‘maximum 

buildable area’ (higher to lower, from scheme-1 to scheme-

4). Scheme-1 had the highest maximum buildable area 

(80%), and it allowed the lowest ventilation rate. Scheme-4 

had the lowest maximum buildable area (50%) but it did 

not allow the highest ventilation rate. Rather ventilation 

rate under Scheme-4 was lower than ventilation rate under 

Scheme-2 and Scheme-3.  

 

Therefore, the study concluded that zoning regulations can 

improve ventilation rate in high density residential areas by 

reducing the ‘maximum buildable area’ to a certain 

percentage and by increasing ‘maximum building height’ 

to a certain floor numbers. 
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