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The Computational Fluid Dynamics (CFD) prediction tool has 

demonstrated a high degree of accuracy in modeling airflow 

velocity; however, its application requires comprehensive design 

data, making it more appropriate for use during advanced stages of 

the architectural design process. At the conceptual design stage, 

tools capable of predicting airflow velocity remain relatively limited. 

Therefore, this study aims to develop a geometry-based prediction 

tool that is simple, accessible, rapid, practical, and sufficiently 

accurate for early-stage architectural design. A quantitative 

research approach was employed, beginning with CFD simulations 

based on geometric or independent-variable indicators across 212 

cases of two-story row house designs to obtain accurate airflow-

velocity values as the dependent variable. The processed initial-

design geometry data and CFD simulation results were subsequently 

analyzed using linear regression through the enter and stepwise 

methods in SPSS. The initial prediction equation was selected based 

on the model with the highest R² value and the smallest number of 

determining variables. The findings yielded an R² value of 0.738, 

determined by four geometric or independent variables: (1) building 

width (-), (2) number of doors on the second floor, (3) width of the 

window inlet on the front facade of the second floor, and (4) area of 

the vertical stair void. This prediction tool is effective for application 

during the conceptual design stage. A further model produced an R² 

value of 0.867 based on 16 geometric or independent variables; 

although this model provides a higher level of predictive accuracy, 

its greater complexity makes it more suitable for application during 

the advanced design stage. This study addresses the existing gap in 

early-stage prediction tools by introducing a novel building-

geometry-based predictive approach in the form of a linear equation 

that is practical, rapid, straightforward, and sufficiently accurate for 

supporting natural ventilation assessment during the early design 

stage without compromising architectural design creativity. 

Keywords: 

Computational Fluid Dynamics (CFD) 

Initial design geometry 

Natural ventilation 

Predictive model linear regression 

Row houses 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

*Corresponding author: Khotijah Lahji 
Department of Architecture, Faculty of 
Civil Engineering and Planning, Universitas 
Trisakti, Indonesia  
Email: khotijah@trisakti.ac.id          

 

Introduction 
 

The rapid expansion of urbanized areas in Jakarta 

has generated increasing demand for high-density 

residential development, including housing 

typologies in the form of row houses (Gür and 

Dülgeroğlu Yüksel 2019). Such conditions 

frequently result in restricted opportunities for 

natural ventilation because of the narrow spacing 

between adjacent buildings and inadequate spatial 

configurations. In humid tropical climates, 

residential architecture needs to optimize natural 

ventilation in order to promote thermal comfort 

while reducing dependence on mechanical 
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cooling systems (Djamila 2017; Iqbal et al. 2023). 

In architectural design practice, Computational 

Fluid Dynamics (CFD) is commonly employed to 

predict natural ventilation at relatively advanced 

design phases because the method requires 

detailed geometric information. Consequently, 

CFD analysis is generally undertaken during the 

design development or detailed design stage 

(Chew, Chen, and Gorlé 2022; Aeinfar and 

Serteser 2026; Lahji et al. 2026). Nevertheless, 

conceptual design is generally not supported by 

tools that can predict ventilation performance 

rapidly, simply, and in an integrated manner. As a 

result, performance assessment is frequently 

postponed until the advanced design phase, when 

more sophisticated simulation procedures can be 

implemented (Kim and He 2025). 

The primary objective of this research is to 

formulate an airflow-velocity prediction tool that 

can be readily, rapidly, practically, and 

reasonably accurately applied during the 

conceptual design phase. This objective is 

pursued through an examination of the effects of 

initial design geometry variables on airflow 

velocity using the Computational Fluid Dynamics 

(CFD) approach combined with Linear 

Regression analysis in SPSS. The geometric 

variables examined include building dimensional 

characteristics, facade openings, opening 

configuration and orientation, room dimensions, 

voids, the arrangement of solid and porous 

partitions, and spatial connectivity. 

The scope of this investigation is restricted to 

row house designs characterized by limitations in 

their ventilation design. Ventilation performance 

is not determined solely by building geometry; it 

is also affected by microclimatic contributions, 

including environmental wind speed, which plays 

an important role in determining airflow velocity 

within row house (RH) configurations. 

Row house design in urban environments 

presents several challenges associated with 

natural ventilation performance, including: (1) 

constraints on natural ventilation and insufficient 

integration between building geometric design, 

ventilation strategies, and interior spatial design; 

(2) the limited availability of prediction tools that 

are both practical and sufficiently accurate for 

evaluating natural ventilation performance during 

the conceptual design phase; and (3) the use of 

CFD simulations at relatively advanced design 

phases, particularly during design development, 

which can make subsequent design revisions less 

efficient. These challenges constitute the principal 

issues addressed by this research. Accordingly, 

the research questions are: (1) How can an initial 

design strategy integrate geometric design 

variables to generate favorable airflow velocity? 

(2) How can an airflow-velocity prediction tool be 

developed that is easy to calculate, rapid to use, 

and sufficiently accurate? (3) How can an early- 

or conceptual-stage prediction tool based on 

building geometry be formulated in the form of 

linear equations? 

The anticipated contributions of this research 

are as follows: (1) contributing to the 

advancement of architectural science; (2) 

developing a geometry-based predictive tool with 

an accuracy of 70%; (3) providing an airflow-

velocity prediction tool that can function as a 

reference for subsequent research; (4) assisting 

designers in evaluating natural ventilation 

strategies beginning at the conceptual design 

phase; and (5) supporting a design decision-

making process that is simpler, faster, more 

efficient, and data-driven. 

Extensive research has examined natural 

ventilation prediction using CFD methods, field 

measurements, and other simulation techniques. 

The research gap identified in this study 

comprises: (1) the limited availability of 

predictive approaches specifically intended for 

the conceptual or schematic design stage; (2) 

insufficient integration of more complex 

geometric characteristics in previous analyses of 

natural ventilation performance; and (3) the 

limited number of studies addressing row houses 

in tropical urban environments that experience 

significant ventilation design constraints. The 

novelty of this research is therefore positioned in 

the development of a natural ventilation 

prediction tool or formula based on the integration 

of building design geometry during the early 

design phase, with specific applicability to row 

houses located in dense tropical urban 

environments. 

The research gaps and novelty were 

established through an analysis of the SOTA 

(State of the Art) matrix or tabulation developed 

from 40–50 reputable journals ranging from Sinta 

1 to Q1. The SOTA analysis also provides the 

foundation for the literature review concerning 

natural ventilation performance. Natural 

ventilation in buildings represents a passive air-

exchange process affected by wind pressure and 

temperature differentials, thereby contributing to 

improved indoor air quality, thermal comfort, and 

building energy efficiency (Ramezani and Reza 
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2026). The parameters governing natural 

ventilation are influenced by two principal 

aspects: (1) environmental climate, including 

local climatic conditions such as wind speed, 

wind direction, and turbulence patterns in the 

outdoor environment, as well as the presence of 

vegetation as a hybrid optimization strategy for 

outdoor cooling (Zhang, Weerasuriya, and Tse 

2020; Xiong et al. 2024; Niu et al. 2026); and (2) 

building design geometry, which encompasses 

building orientation, massing configuration, 

spatial dimensions, opening design, voids, spatial 

organization, spatial connectivity, and 

obstructions created by interior components, all of 

which influence airflow distribution patterns 

within the building (Gökşen 2026). 

Building geometry constitutes a critical factor 

that directly influences wind velocity, turbulence 

behavior, cross-ventilation effectiveness, and the 

quality of airflow distribution within an 

architectural space (Díaz-Calderón, Castillo, and 

Huelsz 2024; Sudirman et al. 2025). Building 

orientation determines how the facade receives 

and captures prevailing wind flows, thereby 

influencing pressure distribution and the 

effectiveness of cross-ventilation (Deng et al. 

2023; Li et al. 2023). The configuration of inlet 

and outlet openings represents one of the most 

direct geometric determinants of natural 

ventilation because it establishes the pathways 

through which air enters and exits a space (Díaz-

Calderón, Castillo, and Huelsz 2024; Li et al. 

2023; Fu and Zhao 2025). Opening design, 

including the inlet-to-outlet opening ratio, 

opening position, and opening height, has been 

demonstrated to influence wind-velocity 

distribution and cross-ventilation effectiveness in 

both multistory buildings and row houses (Deng 

et al. 2023; Fam et al. 2024; Yi et al. 2023). 

Furthermore, combining horizontal and vertical 

openings can substantially enhance ventilation 

performance when compared with configurations 

that rely on openings oriented in only one 

direction (Díaz-Calderón, Castillo, and Huelsz 

2024; Sudirman et al. 2025). 

Voids, atria, and stairwells constitute vertical 

geometric elements that can contribute to the 

development of the stack effect, referring to the 

vertical movement of air generated by pressure 

and temperature differences between building 

levels (Yin et al. 2024; Sudirman et al. 2025; 

Mateus, Pinto, and Pereira 2024). The 

incorporation of a void has been shown to 

improve airflow distribution on upper floors while 

assisting in the accelerated removal of 

accumulated hot air from the building interior 

(Omidi et al. 2026; Ibrahim et al. 2026). In two-

story row houses, appropriately positioned stair 

voids can improve the stability of airflow patterns 

in comparison with building configurations that 

do not incorporate a void (Lahji et al. 2026; Yin 

et al. 2024). 

Spatial layouts and interior partitions likewise 

constitute geometric components that directly 

influence natural ventilation because they 

determine spatial connectivity and airflow 

resistance between adjacent spaces (Rezadoost 

Dezfuli et al. 2023; Kajjoba et al. 2025; Zhang, 

Weerasuriya, and Tse 2020). Solid partitions 

generally impede airflow and may generate 

stagnant zones, whereas porous partitions and 

more open spatial configurations facilitate a more 

uniform distribution of airflow (Fam et al. 2024; 

Yin et al. 2024). Interior geometry therefore 

functions not merely as an element for defining 

and organizing space, but also as a mechanism for 

controlling airflow pathways and determining the 

quality of natural ventilation within a building 

(Chu Yang, Muhammad Yazid, and Mohamad 

2026; Sari, Chiou, and Sugianto 2025; Martínez 

Palmeth et al. 2026). 

This research specifically investigates row 

houses in urban areas. Accordingly, an 

understanding of row house typologies is 

considered essential because they represent one 

potential response to housing requirements in 

densely populated urban environments (Gallagher 

2026; Meshulam and Saxe 2026). Although row 

houses offer considerable spatial efficiency, their 

closely packed configuration and restricted facade 

width can inhibit the penetration of natural 

airflow, thereby diminishing indoor ventilation 

performance (Lahji et al. 2026). Within humid 

tropical climatic conditions, this issue becomes 

particularly significant because natural 

ventilation has an important role in maintaining 

thermal comfort and indoor air quality (Xiong et 

al. 2024). 

Within architectural and interior design 

processes, ventilation planning is highly 

important for achieving thermal comfort and 

consequently requires a prediction tool that can be 

employed during the early or conceptual design 

phase. Prediction tools can be understood as 

analytical or computational systems used to 

estimate the behavior of a phenomenon on the 

basis of relationships among measurable variables 

(Alam and Abbasabadi 2026). In the context of 
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natural ventilation, prediction has increasingly 

developed toward simulation-based approaches 

capable of estimating air velocity, airflow 

distribution, and indoor air quality rapidly and 

accurately. Such approaches can support more 

adaptive design decisions in response to climatic 

conditions and building geometry (Pagano, De 

Filippi, and Simonetti 2026). 

CFD and linear regression analysis in SPSS 

were employed as analytical instruments in the 

development of the proposed prediction tool. As a 

predictive technique, CFD provides a high degree 

of accuracy in estimating natural ventilation 

performance and airflow distribution, with results 

that are consistent with findings obtained from 

wind-tunnel experiments and field measurements. 

CFD also provides substantial flexibility for 

assessing multiple design alternatives and 

investigating different design scenarios (Hu, 

Kikumoto, and Ooka 2024; Hu et al. 2022; 

Sudirman et al. 2025). Moreover, CFD is 

appropriate for more detailed and complex 

evaluations of airflow performance during 

advanced design phases (Matour et al. 2021) and 

can retain satisfactory accuracy even when 

applied to reduced-scale studies and 

environments involving more complex thermal 

conditions (Jiang et al. 2024). 

Linear regression is a quantitative statistical 

technique used to examine relationships between 

independent and dependent variables by 

constructing a linear mathematical equation 

through which the value of one variable can be 

predicted from another variable. In quantitative 

research within engineering, architecture, and 

environmental studies, an R² value of ≥ 0.60 is 

generally regarded as representing good and 

adequate predictive capability for application as a 

prediction tool (Tan and Teoh 2026), and 

predictive significance and accuracy can be 

evaluated through the coefficient of 

determination, R². Linear regression using the 

enter and stepwise approaches in SPSS is widely 

applied in quantitative research because these 

methods can transform complex relationships 

among variables into mathematical models that 

are more practical and easier to interpret (Umar, 

Rana, and Mokayed 2026; Yuanxi Han and Jin 

2026). Consequently, linear regression functions 

not only as a statistical analysis technique but also 

as a methodological basis for developing 

predictive tools that facilitate data-driven 

decision-making in scientific research (Noramli et 

al. 2026). 

 

 

Methods 
 

The initial phase of the research involved CFD 

simulation using ANSYS Fluent 2024. This 

analysis functioned as the simulation instrument 

for obtaining accurate wind velocity (WV) values 

within the RD space, which simultaneously 

served as the dependent variable (Y). The 

dependent variable is affected by independent 

variables representing building design 

characteristics in the form of geometric 

parameters and is also influenced by 

microclimatic or local climatic conditions, 

particularly outdoor wind speed. The annual 

average wind velocity recorded in urban areas 

ranges from 1.5 m/s to 3 m/s, and in some 

circumstances is less than 3 m/s (BMKG 2024). 

The following figure presents the CFD workflow: 
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Figure 1. CFD operational scheme 
 

The independent variables are represented as 

(x1, x2, x3, x4 … xn) and comprise building 

geometric design parameters totaling 20 

variables. The clustering process conducted in 

SPSS reduced the initial set of 33 variables to 20 

variables with a significance value of 0.05 using 

the enter method. The variables are defined as 

follows: x1, building width geometry; x2, 

building length; x3, width of solid interior 

partitions; x4, width of porous partitions; x5, 

floor-to-ceiling height; x6, stair void area; x7, 

interior void; x8, courtyard; x9, number of doors 

located on the facade and within the interior of the 

first floor; x10, number of doors located on the 

facade and within the interior of the second floor; 

x11, width of the main door on the first floor; x12, 

door height; x13, door width; x14, transom height; 

x15, width of the inlet window on the first floor; 

x16, width of the inlet window on the second 

floor; x17, width of the outlet window on the first 

floor; x18, width of the outlet window on the 

second floor; x19, window position measured 

from the floor elevation or window height on the 

first floor; and x20, window position measured 

from the floor elevation or window height on the 

second floor. These 20 variables were entered as 

inputs during the CFD simulation process. The 

role of SPSS simulation, employing linear 

regression analysis, was to derive a linear 

equation and establish the relationship between 

the dependent variable, namely velocity, and the 

independent variables based on the geometric 

characteristics of the row house design. The linear 

regression equation is expressed as Y = ao + a1.x1 

+ a2.x2 + a3.x3 + an.xn. 

Nine dependent variables, represented by Y 

and expressed as wind speed (WV), were 

established from velocity measurements at 

different zones and spatial locations. These 

include the volume velocity across floors 1 and 2 

(Y1), volume velocity on floor 1 (Y2), volume 

velocity on floor 2 (Y3), vertical-section velocity 

at the center inlet-outlet location (Y4), vertical-

section velocity at the center of the stair void 

(Y5), horizontal-section or plan velocity at a 

height of 60 cm on floor 2 (Y6), horizontal-

section or plan velocity at a height of 150 cm on 

floor 2 (Y7), horizontal-section or plan velocity at 

a height of 60 cm on floor 1 (Y8), and horizontal-

section or plan velocity at a height of 150 cm on 

floor 1 (Y9). Each variable from Y1 through Y9 

contains minimum, average, and maximum 

values, producing a total of 27 dependent 

variables. 

To formulate a natural ventilation prediction 

equation based on building geometric design and 

incorporating 20 independent variables, a 

minimum of 212 cases was required to generate 

the prediction equation. In quantitative methods, 

a minimum sample size equivalent to at least 10 

times the number of independent variables is 

required to establish a prediction equation or 

predictive tool (Sugiyono 2013; Kurniawan 2016; 

Anto et al. 2024). 

The research procedure consisted of the 

following stages: (a) collecting design 

information for approximately 200 row house 
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cases; (b) identifying row house types with 

building widths ranging from 4 to 6.9 m and 

building lengths ranging from 7 to 17 m; (c) 

redrawing the row house designs using geometric 

dimensions generated from random values 

through the RANDBETWEEN function in Excel. 

This procedure was used to obtain random 

dimensions that more accurately satisfy the 

requirements for normally distributed data, as 

represented through the histogram generated in 

SPSS; and (d) producing three-dimensional row 

house design models in a format compatible with 

CFD analysis. The CFD-compatible models 

incorporated geometric dimensions generated 

through RANDBETWEEN, which subsequently 

served as the independent variables (x). The CFD 

simulations generated WVm/s results, while the 

dependent variables comprised nine variables, Y1 

through Y9, each containing minimum, average, 

and maximum values and therefore producing 27 

dependent variables in total. Consequently, the 

200 RH cases generated WV values represented 

by 27 variables for each case. As an illustration, 

CFD results for a 6 × 12 type row house included 

not only velocity contours used to identify 

minimum and maximum WV values, but also 

average WV values, airflow patterns represented 

through vectors, and average graphs illustrating 

the direction of inlet and outlet airflow. An 

example of one CFD case and its corresponding 

airflow pattern is presented below: 

 

 
Figure 2. CFD results illustration for the airflow pattern on the 2nd floor at a height of 60 cm on RD 
 

(e) The subsequent stage involved SPSS 

simulation using linear regression analysis with 

the stepwise method. The final output of this 

procedure was a natural ventilation prediction 

equation based on the parametric geometric 

characteristics of the building. The standard 

prediction equation was expressed as follows: 

each value Y = f (x1, x2, x3 + …… X20). Within 

the SPSS statistical procedure, the dependent 

variable consisted of 27 variables, whereas the 

independent variable set consisted of 20 variables. 

(f) SPSS simulation was subsequently performed 

using linear regression analysis with the stepwise 

method across all Y values, namely independent 

variables 1–27, based on the 200 RD design cases. 

(g) To derive the velocity prediction equation (Y 

= f((x)), linear regression analysis was performed 

using the stepwise method. As a criterion for 

establishing a natural ventilation prediction 

equation that could serve as generalized research 

finding, the resulting R² value was required to be 

≥  0.6. If the linear regression simulation 

produced an R² value ≤ 0.6, the resulting model 

was considered not to satisfy the standard 

required for establishing a natural ventilation 

prediction equation for RD. In such 

circumstances, the independent variables and the 

completeness of the random data would need to 

be reviewed to ensure that the data corresponded 

to the normal-data distribution represented by the 

bell-shaped histogram in SPSS. 

The dependent variable (Y) generated from 

the CFD simulation consisted of three values: Y 

minimum, Y average, and Y maximum, defined 

as follows. Y1 represents the velocity 

measurement zone within the volume of floors 1 
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and 2 at the void section; Y2 represents the 

measurement zone within the volume of floor 1 

only; Y3 represents the velocity on floor 2; Y4 

represents the velocity at the inlet and outlet 

section; Y5 represents the velocity at the stair 

void; Y6 represents the velocity within the floor 

plan of floor 2 at a height of 60 cm; Y7 represents 

the velocity within the floor plan at a height of 150 

cm; Y8 represents the velocity within the zone or 

plan of floor 1 at a height of 60 cm; and Y9 

represents the velocity within the zone or plan of 

floor 1 at a height of 150 cm. The analysis 

incorporated 20 independent variables (x1, … 

x20) with significant values. These variables were 

defined as follows: x1, building width geometry; 

x2, building length; x3, width of the solid interior 

partition; x4, width of the porous partition; x5, 

floor-to-ceiling height; x6, stair void area; x7, 

interior void; x8, courtyard; x9, number of doors 

on the facade and interior of floor 1; x10, number 

of doors on the facade and interior of floor 2; x11, 

width of the main door on floor 1; x12, door 

height; x13, door width; x14, transom height; x15, 

width of the inlet window on floor 1; x16, width 

of the inlet window on floor 2; x17, width of the 

outlet window on floor 1; x18, width of the outlet 

window on floor 2; x19, window position 

measured from the floor elevation or window 

height on floor 1; and x20, window position 

measured from the floor elevation or window 

height on floor 2. From the 20 variables. 

 

 

Research procedure 

 

 
Figure 3. Research procedure 
 

 
Figure 4. Research concept framework 
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Results and discussion 

 

The research dataset comprises 212 cases of two-

story row house designs collected from various 

housing developers operating in tropical urban 

areas. The design variations include building 

widths ranging from 4 to 6.5 meters and building 

lengths ranging from 7 to 17 meters, representing 

the general characteristics of row houses located 

within densely populated tropical urban 

environments. All building geometry data were 

processed using the RANDBETWEEN method to 

generate a more randomized distribution of data 

and satisfy the normality requirements for 

statistical analysis in SPSS. The 

RANDBETWEEN outputs were subsequently 

used as the basis for establishing the geometric 

dimensions of each row house type across the 212 

cases.
 

Table 1. Processing geometry data of row houses with randbetween from microsoft excel 
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0 

3,0

0 

1,4

0 

2,4

0 

0,8

0 

0,6

0 

1,6

0 

1,6

0 

0,0

0 

3,2

0 

0,2

0 

0,9

0 

2 5,30 12,30 12,30 0,00 3,00 6,00 6,00 0,00 2,0

0 

3,0

0 

1,4

0 

2,3

0 

0,8

0 

0,5

0 

2,1

0 

2,1

0 

1,4

0 

2,8

0 

0,2

0 

0,9

0 

3 6,10 14,00 10,10 0,00 3,05 6,00 0,00 0,00 5,0

0 

4,0

0 

1,0

5 

2,4

0 

0,8

0 

0,4

0 

0,8

5 

1,7

0 

2,5

5 

1,7
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0,0

5 

1,0
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0 
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0 

0,6

0 

1,9

5 

0,6

5 

0,6

5 
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0 

0,2

3 

0,8
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5 5,00 9,00 9,00 0,00 3,00 8,40 0,00 0,00 3,0

0 
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0 
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0 
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0,5

0 

0,8

0 

0,8

0 
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0 
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0,2
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6 6,40 10,40 9,40 0,00 3,20 7,00 7,20 0,00 6,0
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0 
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0 

2,2

0 

0,7

0 

0,6

0 

2,1

0 

1,4

0 

1,4

0 

1,4

0 

0,0

5 

1,0
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0 
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5 

1,5

0 
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0 
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0 
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5 

0,8

5 
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0 
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0 

0,2

0 

0,8
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9 5,40 12,40 12,40 0,00 3,20 6,00 4,20 0,00 2,0

0 

4,0

0 

1,4

0 

2,2

0 

0,8

0 

0,6

0 

2,4

0 

3,2

0 

1,6

0 

1,6

0 

0,2

0 

0,9

0 

10 6,20 12,20 11,20 3,20 3,20 7,00 0,00 5,00 3,0

0 

5,0

0 

1,4

0 

2,3

0 

0,7

0 

0,6

0 

2,1

0 

2,1

0 

1,4

0 

1,4

0 

0,1

0 

0,8

0 

Case 

200 

                    

 

The use of 212 cases follows the quantitative 

research principle that the number of cases should 

be at least 10 times the number of independent 

variables, which in this study comprises 20 

variables. This sample size was established to 

support the development of a predictive tool with 

potential for generalization (Sugiyono 2013; 

Kurniawan 2016; Anto et al. 2024). 

The initial research phase consisted of CFD 

simulations conducted using ANSYS Fluent 2024 

to obtain accurate airflow-velocity values that 

functioned as the dependent variable (Y). The 

ANSYS Fluent simulations were performed 

across nine observation zones, namely: 

• Y1–Y3: velocity measurements within the 

volume of the first floor and/or second floor. 

• Y4–Y5: measurements of the vertical inlet–

outlet section and staircase void. 

• Y6–Y9: horizontal sections measured at 

elevations of 60 cm and 150 cm on floors 1 

and 2. These measurement heights were 

selected based on the comfort zone associated 

with sitting and standing activities (ASHRAE 

2020) 

• Each zone has minimum, average, and 

maximum velocity values, resulting in a total 

of 27 dependent variables (Y). 

 

During the CFD simulation process, the 

constant environmental variable was the average 

wind speed within the urban residential area of 

Jakarta, which was approximately ±2 m/s based 

on BMKG data for 2023–2025. This value was 

selected to approximate actual conditions in a 

tropical urban environment. The CFD simulation 

results indicate the average RD velocity across all 

conditions represented by Y1–Y9, as shown in 

figure 5. 
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Figure 5. Average wind speed of 0.98 m/s from CFD results for 9 measurement zones 
 

Following the determination of the average 

velocity value of 0.98 m/s, the minimum and 

maximum velocity values were identified through 

the ANSYS Fluent simulation using velocity 

contours. The magnitude of the minimum and 

maximum velocity values obtained from the CFD 

analysis is presented in table 2. 

Among the 27 dependent variables, the 

highest velocity value was identified in the 

volume zones of the first and second floors (Y3), 

reaching 5.44 m/s within the combined volume of 

the first and second floors. The average CFD 

velocity results are also presented graphically in 

figure 5. The velocity values obtained from the 

CFD simulation within the spatial zones 

consequently function as the dependent variable 

(Y). The subsequent analytical stage involved 

linear regression analysis using the stepwise 

method in SPSS to identify the relationships 

between building geometry variables and airflow-

velocity values. 

 
Table 2. CFD simulation results: Wind speed and wind speed contours 

 
 

The analysis demonstrated that most of the 

models produced coefficients of determination (R

²) of ≥0.60. The model selected as the velocity 

prediction tool was determined by considering 

both a high R² value and the smallest number of 

determining variables. This selection criterion 

was adopted to ensure that the resulting prediction 

tool could be practically applied during the design 

CFD Velocity Summary — 6 m × 12 m Model 

Journal-ready summary; minimum, mean, and maximum values are linked to the detailed dataset. 

       
Panel Variable Evaluation region Minimum Mean Maximum Unit 

(a) Y1 Whole-building volumetric velocity (Levels 1–2) 0.00 0.92 5.44 m/s* 

(b) Y2 Volumetric velocity at Level 1 0.00 0.65 3.79 m/s* 

(c) Y3 Volumetric velocity at Level 2 0.01 1.26 5.44 m/s* 

(d) Y4 Vertical-section velocity at the inlet–outlet path 0.00 0.81 3.56 m/s* 

(e) Y5 Vertical-section velocity at the staircase 0.01 0.71 3.79 m/s* 

(f) Y6 Horizontal-section velocity at 0.60 m, Level 2 0.01 0.75 3.07 m/s* 

(g) Y7 Horizontal-section velocity at 1.50 m, Level 2 0.00 0.60 3.18 m/s* 

(h) Y8 Horizontal-section velocity at 0.60 m, Level 1 0.03 1.31 4.84 m/s* 

(i) Y9 Horizontal-section velocity at 1.50 m, Level 1 0.02 1.39 5.02 m/s* 

       
*Verify the final velocity unit against the original ANSYS/CFD export before journal submission. 
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process. The highest R² value was obtained for the 

Y6 average variable, representing airflow velocity 

in the horizontal section on the second floor at an 

elevation of 60 cm. This model produced an R² 

value of 0.738. Four principal variables 

determined this model: the floor-plan width, the 

number of doors on the second floor, the width of 

the inlet windows on the front facade of the 

second floor, and the area of the vertical stair void. 

The R² values obtained for Y1–Y9 are presented 

in table 3. The analytical results used to determine 

the prediction tool are summarized below. 
 

Table 3. CFD simulation results - wind speed - linear regression - R² value - number of dependent variables 

determining the speed prediction formula 

 
 

Based on table 3, measurements among Y1–

Y9 that produced R² values ≤0.60 were excluded 

from consideration in developing the prediction 

equation. Models with R² values ≥0.60 and their 

corresponding numbers of determining variables 

are presented graphically in figure 6. 

 

 
Figure 6. SPSS linear regression analysis results: Min-Max R² values in 9 measurement zones in the row house 

 

The results presented in table 3 and figure 6 

indicate the possibility of establishing two 

prediction tools: a simple prediction tool and a 

complex prediction tool. The equation developed 

for the simple prediction tool is: Y = 4.046 − 

0.738 × {Building Width (X1)} + 0.282 × 

{Number of Doors on the 2nd Floor (X10)} + 

0.204 × {Width of Window Inlet on the Front 

Façade of the 2nd Floor (X16)} + 0.381 × {Area 

of Vertical Stair Void (X6)}. This equation is 

applicable only to row houses with widths within 

the 4–6.5 m range. The limitations associated with 

the linear equation are illustrated in the 

corresponding linear-equation graph. 

 



Khotijah Lahji, Agus Budi Purnomo, Inavonna:  
Preliminary design geometry for predicting natural ventilation performance in row houses 

1129 

 

 
Figure 7. Graph of the linear equation formula constraints for the row house prediction tool 
 

A more complex prediction model generated 

an R² value of 0.867, indicating a higher level of 

accuracy for predicting airflow velocity in row 

houses. This model incorporates 16 independent 

variables. The resulting equation is: Y = −6.593 + 

2.479 × {Area of Vertical Stair Void Hole (X6)} 

− 2.522 × {Building Width (X1)} + 1.889 × 

{Width of Inlet Window on Front Façade, 2nd 

Floor (X16)} − 0.293 × {Area of Courtyard Void 

with Open Roof (X8)} − 0.254 × {Area of Indoor 

Vertical Void (X7)} + 5.872 × {Height of 

Bouvenly Window (X14)} + 0.399 × 

{Width/Length of Massive Wall Perpendicular to 

Wind Direction (X3)} + 0.705 × {Number of 

Doors on 1st Floor (X9)} + 1.269 × {Width of 

Main Door (X11)} + 0.594 × {Width of Outlet 

Window on 1st Floor (X17)} − 0.746 × {Number 

of Doors on 2nd Floor (X10)} + 5.314 × {Position 

of Window from Floor Elevation, Public Space 

(X19)} − 0.500 × {Width of Outlet Window on 

2nd Floor (X18)} − 0.097 × {Wall Perpendicular 

to Wind Direction, Solid/Hollow (X4)}. 

 

 

Conclusions 

 

The findings demonstrate that an R² value of 

0.738 is determined by four principal variables 

that function as predictors of velocity in RD: 

building width, despite its negative coefficient; 

the number of doors on the second floor; the width 

of the inlet window on the front facade of the 

second floor; and the area of the stair void. 

Variables with negative coefficients indicate an 

inverse relationship with airflow velocity; in other 

words, when the corresponding geometric 

dimension increases, the predicted velocity value 

decreases. In particular, an increase in building 

width is associated with a reduction in airflow 

velocity. The initial design strategy, which 

integrates architectural and interior geometric 

considerations, is capable of producing improved 

airflow velocity conditions in row houses located 

in tropical urban environments. The CFD 

simulations conducted across 212 row house 

cases demonstrate that the combination of 

horizontal and vertical ventilation through the 

stack effect generated by the stair void can 

produce a more stable and evenly distributed 

airflow pattern, particularly on the second floor. 

This research also successfully developed an 

airflow-velocity prediction tool in the form of a 

linear equation that is straightforward to apply, 

rapid, practical, and sufficiently accurate for 

supporting natural ventilation prediction during 

the early design phase. The model is effective for 

early-stage application because it requires only a 

limited number of geometric variables while 

retaining a satisfactory level of predictive 

accuracy. 

In addition, the research generated a complex 

prediction model with an R² value of 0.867, 

consisting of 16 significant geometric variables 

and consequently providing a higher level of 

predictive precision for the advanced design 

development stage. The principal novelty of this 

research lies in the development of a prediction 

tool based on the integration of building design 

geometry, encompassing both architectural and 

interior characteristics, that can translate complex 

CFD simulation results through linear regression 

analysis. The stepwise model converts these 

complex relationships into a practical linear 

equation, thereby providing a useful instrument 

for making natural ventilation design decisions 

more rapidly and efficiently without 

compromising architectural design creativity. 



ARTEKS : Jurnal Teknik Arsitektur, Volume 11 Issue 3, September 2026 
pISSN 2541-0598; eISSN 2541-1217 

1130 

 

References 
 

Aeinfar, Sanam, and Nuri Serteser. 2026. 

“Performance Optimization of Parametric 

Hexagonal Façade Openings for Natural 

Ventilation and Cooling Load Reduction in 

High-Rise Buildings.” Energy and Buildings 

355 (March):117021. 

https://doi.org/10.1016/j.enbuild.2026.11702

1. 

Alam, Md Shariful, and Narjes Abbasabadi. 2026. 

“A CFD-Integrated Parametric Framework for 

Evaluating Passive Carbon-Capture Enclosure 

Performance.” Architecture 6 (2): 65. 

https://doi.org/10.3390/architecture6020065. 

Anto, R. P., N. Nur, F. Yusriani, Ardah, J. D 

Kurniawati, Ayu, A Juwita Desri, B. A. R 

Apriyeni, N. Y. Purwanti, Adrianingsih, and 

M. F. P Putra. 2024. Qualitative Research 

Methods: Theory and Application. Solo: Tahta 

Media Group. 

ASHRAE. 2020. “ANSI/ASHRAE Standard 55- 

Thermal Environmental Conditions for 

Human Occupancy.” American Society of 

Heating, Refrigerating and Air-Conditioning 

Engineers. 2020. 

https://www.ashrae.org/technical-

resources/bookstore/standard-55-thermal-

environmental-conditions-for-human-

occupancy. 

Chew, Lup Wai, Chen Chen, and Catherine Gorlé. 

2022. “Improving Thermal Model Predictions 

for Naturally Ventilated Buildings Using 

Large Eddy Simulations.” Building and 

Environment 220 (July):109241. 

https://doi.org/10.1016/j.buildenv.2022.1092

41. 

Chu Yang, Bryan Phua, Muhammad Noor Afiq 

Witri Muhammad Yazid, and Mohd Faizal 

Mohamad. 2026. “Computational Fluid 

Dynamics Analysis of Wind-Driven 

Ventilation in a Double-Story Terraced House 

Sheltered by Adjacent Buildings.” Journal of 

Mechanical Engineering and Sciences, 

March, 11108–25. 

https://doi.org/10.15282/jmes.20.1.2026.7.08

67. 

Deng, Ji-Yu, Nyuk Hien Wong, Daniel Jun Chung 

Hii, Zhongqi Yu, Erna Tan, Meng Zhen, and 

Shanshan Tong. 2023. “Impact of 

Architectural Design Strategies on the Indoor 

Natural Ventilation of Public Residential 

Buildings in Singapore.” Urban Climate 52 

(November):101741. 

https://doi.org/10.1016/j.uclim.2023.101741. 

Díaz-Calderón, S.F., J.A. Castillo, and G. Huelsz. 

2024. “Natural Cross-Ventilation 

Configurations: Comparison Using Different 

Evaluation Parameters.” Journal of Building 

Engineering 98 (December):111130. 

https://doi.org/10.1016/j.jobe.2024.111130. 

Djamila, Harimi. 2017. “Passive Strategies of 

Naturally Ventilated Residential Houses in the 

Equatorial Humid Tropics.” International 

Journal of Environmental Science and 

Development 8 (2): 102–6. 

https://doi.org/10.18178/ijesd.2017.8.2.929. 

Fam, Yew Hin, Vin Cent Tai, Prasath Reuben 

Mathew, Yong Chai Tan, and Lip Kean Moey. 

2024. “Effect of Internal Partition on a 

Naturally Cross-Ventilated Generic Building 

Using Computational Fluid Dynamics.” 

Journal of Mechanical Engineering and 

Sciences 18 (4): 10279–89. 

https://doi.org/10.15282/jmes.18.4.2024.5.08

11. 

Fu, Yuanyuan, and Bin Zhao. 2025. “CFD-Based 

Comparative Simulation Analysis of Flow 

Field under Different Natural Ventilation 

Boundary Conditions in the Room.” Building 

Engineering, March, 2207. 

https://doi.org/10.59400/be2207. 

Gallagher, Rachel. 2026. “Misaligned Policy and 

Practice: Does Upzoning’s Implicit Reliance 

on Land Assembly Undermine Densification 

Goals?” Urban Policy and Research, April, 1–

19. 

https://doi.org/10.1080/08111146.2026.2656

667. 

Gökşen, Fulya. 2026. “Natural Ventilation and 

Passive Cooling in Architectural Design: A 

Systematic Review of CFD Studies Using 

ANSYS Fluent.” Journal of Science: Part B: 

Art, Humanities, Design and Planning 14 (1): 

137156. 

Gür, Elmira Ayşe, and Yurdanur Dülgeroğlu 

Yüksel. 2019. “Analytical Investigation of 

Urban Housing Typologies in Twentieth 

Century Istanbul.” Archnet-IJAR: 

International Journal of Architectural 

Research 13 (1): 93–111. 

https://doi.org/10.1108/ARCH-12-2018-

0047. 

Hu, Hong, Hideki Kikumoto, and Ryozo Ooka. 

2024. “Effect of Wind Direction on Natural 

Ventilation in a Multiple-Room House via 

Field Measurements and Numerical 



Khotijah Lahji, Agus Budi Purnomo, Inavonna:  
Preliminary design geometry for predicting natural ventilation performance in row houses 

1131 

 

Simulations.” Journal of Wind Engineering 

and Industrial Aerodynamics 248 

(May):105718. 

https://doi.org/10.1016/j.jweia.2024.105718. 

Hu, Hong, Hideki Kikumoto, Ryozo Ooka, Chao 

Lin, and Bingchao Zhang. 2022. 

“Comprehensive Validation of Experimental 

and Numerical Natural Ventilation 

Predictions Based on Field Measurement with 

Experimental House.” Building and 

Environment 207 (January):108433. 

https://doi.org/10.1016/j.buildenv.2021.1084

33. 

Ibrahim, Asmaa, Anna Visvizi, Mady Mohamed, 

and Mohammed F. M. Mohammed. 2026. 

Sustainability, Resilience, and Inclusiveness 

through Human-Centred Architecture and 

Design. Edited by Asmaa Ibrahim, Anna 

Visvizi, Mady Mohamed, and Mohammed F. 

M. Mohammed. Emerald Publishing Limited. 

https://doi.org/10.1108/978-1-80592-881-2. 

Iqbal, Muhammad, Akihito Ozaki, Younhee 

Choi, and Yusuke Arima. 2023. “Performance 

Improvement Plan towards Energy-Efficient 

Naturally Ventilated Houses in Tropical 

Climate Regions.” Sustainability 15 (16): 

12173. https://doi.org/10.3390/su151612173. 

Jiang, Zitao, Tomohiro Kobayashi, Toshio 

Yamanaka, Mats Sandberg, Haruna 

Yamasawa, and Miyazawa Shohei. 2024. 

“The Similitude of Indoor Airflow in Natural 

Ventilation for a Reduced-Scale Model: 

Investigation of Nonisothermal Flow Fields 

by RANS Simulation.” Building and 

Environment 262 (August):111842. 

https://doi.org/10.1016/j.buildenv.2024.1118

42. 

Kajjoba, Derrick, Peter W. Olupot, John B. 

Kirabira, Racheal Wesonga, Jeffy Briton 

Ssemuddu, Richard Mugwanya, and Hillary 

Kasedde. 2025. “Impact of Natural 

Ventilation on the Subjective Thermal 

Comfort in Low-Income Tropical Housing.” 

Next Research 2 (1): 237–44. 

https://doi.org/10.1016/j.nexres.2025.100170. 

Kim, Yohan, and Chang He. 2025. “Leveraging 

Artificial Intelligence to Translate 

Computational Simulation Results of Natural 

Ventilation in Tall Office Buildings into 

Human-Centered Insights.” International 

Journal of Architectural Engineering 

Technology 12 (December):285–302. 

https://doi.org/10.15377/2409-

9821.2025.12.18. 

Kurniawan, A. W. P. Z. 2016. Quantitative 

Research Methods. Yogyakarta: Pandiva 

Buku. 

Lahji, Khotijah, Agus Budi Purnomo, Inavonna, 

and Cut Sannas Saskia. 2026. “The Influence 

of Staircase Geometry and Spatial 

Configuration on the Enhancement of Natural 

Ventilation in Urban Residential Buildings.” 

ARTEKS : Jurnal Teknik Arsitektur 11 (1): 

297–310. 

https://doi.org/10.30822/arteks.v11i1.4905. 

Li, Qian, Vin Cent Tai, Lip Kean Moey, Tze Fong 

Go, Javad Safehian, and Mohammad Hossein 

Yazdi. 2023. “Impact of Planar Area Ratio and 

Opening Positions on Natural Cross 

Ventilation Performance in Sheltered High-

Rise Buildings: A Simulation Study.” 

Building and Environment 245 

(November):110889. 

https://doi.org/10.1016/j.buildenv.2023.1108

89. 

Martínez Palmeth, Luis Humberto, Nadia Brigitte 

Sanabria Méndez, Marlio Bedoya Cardoso, 

María Angélica González Carmona, and Paula 

Andrea Cuervo Velásquez. 2026. “CFD 

Evaluation of Crop Presence and 

Evapotranspiration on Natural Ventilation and 

Thermal Stratification in a Tropical Tomato 

Greenhouse (OpenFOAM).” Eng 7 (5): 194. 

https://doi.org/10.3390/eng7050194. 

Mateus, Rafaela, Armando Pinto, and José M.C. 

Pereira. 2024. “Natural Ventilation in Large 

Spaces: CFD Simplified Model Validated 

with Full-Scale Experimental Data of Roman 

Baths.” Building and Environment 266 

(December):112077. 

https://doi.org/10.1016/j.buildenv.2024.1120

77. 

Matour, Soha, Veronica Garcia-Hansen, Sara 

Omrani, Sina Hassanli, and Robin 

Drogemuller. 2021. “Wind-Driven 

Ventilation of Double Skin Façades with 

Vertical Openings: Effects of Opening 

Configurations.” Building and Environment 

196 (June):107804. 

https://doi.org/10.1016/j.buildenv.2021.1078

04. 

Meshulam, Tamar, and Shoshanna Saxe. 2026. 

“Between Public Space and Private Living: 

Social Infrastructure Types as Enablers of 



ARTEKS : Jurnal Teknik Arsitektur, Volume 11 Issue 3, September 2026 
pISSN 2541-0598; eISSN 2541-1217 

1132 

 

Compact Housing.” 

https://doi.org/10.2139/ssrn.6515121. 

Niu, Shengnan, Francesco Causone, Dan Song, 

Lufang Chen, Annan Wang, Xiaotong Qin, 

Xiaodong Liu, Hao Tong, and Xing Jin. 2026. 

“Hybrid CFD-Based Optimization 

Framework for Vegetation-Influenced Indoor 

Natural Ventilation.” Building and 

Environment 288 (January):113942. 

https://doi.org/10.1016/j.buildenv.2025.1139

42. 

Noramli, Nur Athirah Syafiqah, Noor Aida 

Syakira Ahmad Sabri, Muhammad Ikhsan 

Roslan, Nurlaila Ismail, Zakiah Mohd Yusoff, 

and Mohd Nasir Taib. 2026. “Regression 

Modelling with Coupled GC–MS/GC–FID for 

Robust Classification of Aquilaria Species.” 

Journal of Tomography System & Sensors 

Application 9 (1): 63–71. 

Omidi, Milad, Omid Rahaei, Marzieh Azad 

Armaki, and Arash ShamsTaleghani. 2026. 

“Methods of Evaluating Natural Ventilation 

with Emphasis on Educational Spaces.” 

Journal of Renewable and New Energy 13 (1): 

153–63. 

Pagano, Francesca, Francesca De Filippi, and 

Marco Simonetti. 2026. “Design for 

Temporary Healthcare Facilities in 

Emergencies: A Simplified Equation for 

Rapid Natural Ventilation Assessment.” 

Buildings 16 (7): 1417. 

https://doi.org/10.3390/buildings16071417. 

Ramezani, Hoda, and Ehsan Reza. 2026. 

“Achieving Sustainable Architecture through 

the Integration of Vernacular Natural 

Ventilation Principles into Contemporary 

Architecture Design.” Frontiers in Built 

Environment 11 (February). 

https://doi.org/10.3389/fbuil.2025.1686776. 

Rezadoost Dezfuli, Raziyeh, Hassan Bazazzadeh, 

Mohsen Taban, and Mohammadjavad 

Mahdavinejad. 2023. “Optimizing Stack 

Ventilation in Low and Medium-Rise 

Residential Buildings in Hot and Semi-Humid 

Climate.” Case Studies in Thermal 

Engineering 52 (December):103555. 

https://doi.org/10.1016/j.csite.2023.103555. 

Sari, Dany Perwita, Yun Shang Chiou, and 

William Sugianto. 2025. “The Impact of 

Natural Ventilation on the Adaptive Reuse of 

a Taiwanese Heritage House: An Analysis 

Using Anemometers and CFD.” Journal of 

Asian Architecture and Building Engineering 

24 (3): 1791–1804. 

https://doi.org/10.1080/13467581.2024.2329

362. 

Sudirman, Mutmainnah, Twan van Hooff, 

Stefanie Gillmeier, and Bert Blocken. 2025. 

“Validation Study of Cross-Ventilation in a 

Realistic Building Geometry: RANS, SAS 

and LES.” Building and Environment 269 

(February):112354. 

https://doi.org/10.1016/j.buildenv.2024.1123

54. 

Sugiyono. 2013. Quantitative and Qualitative 

Research Methods in R&D. Bandung: 

Alfabeta. 

Tan, Samson, and Teik Toe Teoh. 2026. 

“Machine Learning for Building Code Waiver 

Assessment: A Predictive Analytics 

Framework from 197 Singapore BCA Cases 

(2021–2023).” Applied Sciences 16 (6): 2772. 

https://doi.org/10.3390/app16062772. 

Umar, Umar Sunusi, Muhammad Ehsan Rana, 

and Hamam Mokayed. 2026. “Deciphering 

Car Valuation: A Multiple Linear Regression 

Analysis of Vehicle Pricing Factors.” In , 523–

38. https://doi.org/10.1007/978-981-95-0378-

0_37. 

Xiong, Jie, Baizhan Li, C. Alan Short, Prashant 

Kumar, and Christopher Pain. 2024. 

“Comprehensive Evaluation of Natural 

Ventilation Potential of Buildings in Urban 

Areas under the Influence of Multiple 

Environment-Related Factors.” Journal of 

Building Engineering 89 (July):109218. 

https://doi.org/10.1016/j.jobe.2024.109218. 

Yi, Yun Kyu, Manal Anis, Keun Jang, and You-

Jeong Kim. 2023. “Application of Machine 

Learning (ML) and Genetic Algorithm (GA) 

to Optimize Window Wing Wall Design for 

Natural Ventilation.” Journal of Building 

Engineering 68 (June):106218. 

https://doi.org/10.1016/j.jobe.2023.106218. 

Yin, Xin, Mohammed W. Muhieldeen, Ruzaimah 

Razman, Jonathan Yong Chung Ee, and Meng 

Choung Chiong. 2024. “The Potential Effects 

of Window Configuration and Interior Layout 

on Natural Ventilation Buildings: A 

Comprehensive Review.” Cleaner 

Engineering and Technology 23 

(December):100830. 

https://doi.org/10.1016/j.clet.2024.100830. 

Yuanxi Han, and Yuran Jin. 2026. “Study on the 

Influencing Factors of Carbon Emissions in 

China’s Air Cargo Transportation Industry.” 

International Journal of Multidisciplinary 



Khotijah Lahji, Agus Budi Purnomo, Inavonna:  
Preliminary design geometry for predicting natural ventilation performance in row houses 

1133 

 

Research 2 (1): 114–18. 

https://doi.org/10.65231/ijmr.v2i1.88. 

Zhang, Xuelin, A.U. Weerasuriya, and K.T. Tse. 

2020. “CFD Simulation of Natural Ventilation 

of a Generic Building in Various Incident 

Wind Directions: Comparison of Turbulence 

Modelling, Evaluation Methods, and 

Ventilation Mechanisms.” Energy and 

Buildings 229 (December):110516. 

https://doi.org/10.1016/j.enbuild.2020.11051

6. 

 

 

Author(s) contribution 

Khotijah Lahji contributed to the research 

concepts preparation, methodologies, 

investigations, data analysis, visualization, 

articles drafting and revisions. 

Agus Budi Purnomo contribute to the research 

concepts preparation and literature reviews, 

data analysis, of article drafts preparation and 

validation. 

Inavonna contribute to methodology, 

supervision, and validation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ARTEKS : Jurnal Teknik Arsitektur, Volume 11 Issue 3, September 2026 
pISSN 2541-0598; eISSN 2541-1217 

1134 

 

 

 

This page is intentionally left blank 

 

 

 

 

 

 


