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Abstract. Joglo is one of the traditional houses in Indonesia. Joglo roof has a
different angle. Angle of the Joglo roof is very important to note. In this study,
simulated wind with a speed of 10 m/s hitting the Joglo’s roof, with roof angles
0°, 35°, 45°, and 55°. The simulation is completed through the Standard k-Epsilon
turbulence model with several functions in OpenFOAM and ParaView. First the
wind is set in the direction of the x axis and the second is set in all directions
towards the horizontal x and y direction, and towards the vertical z direction. The
overall flow pattern shows that the velocity gradient towards zero is at the rear of
the joglo roof. In unidirectional winds, the highest pressure occurs when the wind
bends at a distance of +45 m. While the lower pressure is on the back of the roof.
For wind from all directions, the highest wind speed is at a distance of 7m to 13m.
The greater the angle of the Joglo roof, the greater the initial pressure received,
and the greater the decrease in pressure value due to the wind being deflected to
the vertical z direction.
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1 Introduction

Indonesia has more than 34 traditional houses with their own characteristics.
These characteristics can be located on the stage floor, stairs, walls, and roof. The
uniqueness of the traditional house makes the house comfortable to live in, warm,
safe from wild animals, and sturdy when strong winds come. One of the
traditional houses in Indonesia is the Joglo house, a Javanese traditional house
made of teak wood with a pyramid-shaped Joglo roof that refers to the shape of
a mountain. In each area, the Joglo house has a roof with a different angle of
inclination. The characteristic of the Joglo roof can be seen from the shape of the
roof which is a combination of two triangular roof planes with two trapezoidal
roof planes, each of which has a different slope angle and is not the same size.
The roof of the Joglo is always located in the middle and is always higher and
flanked by the roof of the porch. The roof of the Joglo house has a variation of
the angle of inclination between 30° to 60°. The angle of the roof slope is an
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important thing to consider when building or renovating a Joglo roof. The roof
will not function well as a house protector from heat or rain if the angle of
inclination is wrong. If it is too sloping, the roof will sag easily and if it is too
sloping, the rainwater will not flow smoothly. In addition, the slope of the Joglo
roof is predicted to affect wind deflection so that it can withstand the speed and
pressure caused by strong winds. Studies on the analysis of the effect of the Joglo
roof angle on changes in wind speed and pressure have not been previously
reported.

In the last few decades, there have been many studies on simulation and
numerical modeling of wind flow on roofs and building shapes. Simulations and
modeling use openFOAM to model airflow induced loads on various structures
(Isaev et al., 2019; Rajput et al., 2021). Open FOAM has several advantages, such
as free access, easy to use, accurate results, and can be used for various purposes
related to Computational Fluid Dynamics (CFD). Research that has been carried
out includes dynamic simulation of two-phase fluid flow and mass transfer in a
forward flow reactor (Nieves-Remacha et al., 2015), simulation of non-premixed
turbulent combustion (integration and validation) (Gaikwad & Sreedhara, 2019),
flow turbulent buoyant atmosphere over complex geometries (Flores et al., 2013),
numerical simulation of viscoelastic two-phase flow (Habla et al., 2011),
simulation of airflow inside a horticultural high tunnel greenhouse (Lubitz, 2018),
and others.

This paper is structured to determine the effect of the slope angle of the Joglo
roof on changes in wind speed and pressure in certain directions. The slope of the
angle that is varied is the magnitude of the value of as shown in figure 1.

Figure 1. Schematic of the Joglo roof with the value of being a varied angle

Wind flow is simulated using openFOAM software and paraView to display the
simulation results. This study is expected to be able to provide information in
determining variations in the angle of the roof of the Joglo house so that the house
can withstand strong winds or tornadoes.
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2 Building Equations and Methods

2.1  Building Equations

Pay attention to the airflow hitting the front side of the roof. For convenience, the
coordinate axes are selected as shown in Figure 1. The potential flow around the
two walls forms an angle a: (Bird et al., 2002).

w(z) = —pz“ 1)
where 8 is the parameter that determines the wind strength, z = x + iy is a
complex variable and i = v—1. The complex velocity is derived from the flow
potential equation as follows
(Z_W — —,Ba’Za_l — _'Bara—lei(a—l)e

VA
Where r = /x? + y? and 6 = (y/x) . From equation (2), it can be determined
the velocity component along the x and y coordinates as follows
v, = Bar®1 cos cos (a — 1)0
and
vy = —Bar® "t sin sin (a — 1)6
The velocity in the radial direction satisfies the equation:
Uy = Uy COS €OS 6 + v, sin sin 6
v, = Bar® 1 cos cos 6 cos cos (a —1)8 — far® Lsinsin @ sin sin (a
-1)8
v, = Bar® ! cos cos ab
The magnitude of the total momentum of the left changing direction is the same,
because of that,

—Uy +ivy, =

dp = \/Prz +pZ — 2p,p; cos cos (m — /)

= \/pﬁ + p? + 2p,p; cos cos (n/a)
= pLgB*a*a®* tdtg(a)

J1+4 (b/a)*e2 + 2(b/a)?*1 cos cos (m/a)
Ifa =~ b:

p = pLpB?a?a?*~tdto(a)V2,/1 +cos cos (m/a) 2)

The force experienced by the Joglo roof can be defined by the equation:

d
Fg=2F 3)
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If a and b are large enough then we can assume that p; = p,- so that the direction
of the Bernoulli force and the force due to bending of air is exactly opposite.
Thus, the net upward force received by the roof becomes:

Frete = Fp — Fa 4)

2.2 Method

OpenFOAM is a free and open source software for Computational Fluid
Dynamics (CFD). The workflow in this study is divided into 3 parts, namely: Pre-
Processing, Processing, and Post-Processing as shown in figure 2.

Pre-Processing: The Joglo roof geometry was created with the Salome software.
Then imported in OpenFOAM. Mesh is created using the tools "blockMesh" and
“snappyHexMesh” tools. To complete pre-processing, first define initial
conditions and boundary conditions.

Processing: The numerical parameters for the simulation are set according to the
Joglo roof problem. Although a problem can be solved through several solving
methods, it is very important to choose the appropriate parameters in order to
solve the problem efficiently.

Post-Processing: carried out after completing the simulation to interpret the
results using the ParaView software. Flow fields can be analyzed by extracting
data, plotting, and applying filters such as flowlines and coloring.
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and Data
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Figure 2. Workflow of simulation.

2.3  Pre-Processing: Creating Geometry and Meshing

The base mesh was created using “blockMesh”, then added the Joglo roof mesh
using “snappyHexMesh”. The Joglo roof geometry used by snappyHexMesh was
created in the SALOME-9.7.0 software as shown in Figure 3.
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Figure 3. Geometry of the Joglo roof, top view, side and diagonal
2.4 Processing: Solution Using HELY X-OS and OpenFOAM

2.4.1 Boundary Conditions

The general boundary conditions are defined as in the case of a similar CFD
(Dwyer 2014) and can be seen in Table 1. In general, the speed on the ground and
on the roof of the Joglo is defined with a fixed value of “0”, while the other
parameters are set to the appropriate Wall-Functions.

The speed at the inlet is set according to the desired inlet wind. In this case, the
inlet speed of 10 m/s is used. Meanwhile, the turbulence parameters k, Epsilon
(¢) and Omega () are calculated based on the derivation according to the
respective turbulence models used. All other values are defined as zero gradient,
except for the pressure at the outlet, where a fixed value of "0" is defined to allow
free flow of air out.

Table 1 Conditions for the modeling of the joglo roof.

Bounda
Y Tipe U p k 6) nut
Conditi
on
Fixed Fixed Fixed
Fixed zeroGra Value Value Value
Inlet Patch value dient (calculat (calcula (calculat
ed) ted) ed)
pressure Fixed
InletOut  totalPres InletOutl InletOu Value
Outlet Patch letVeloc sure et tlet (calculat
ity ed)
epsilon
Zero Zero kgRWall nutkWall
Ground wall Gradient ~ Gradient ~ Function WaI_IFu Function
nction
Zero
Eront symm Zero Zero Zero Gradien Zero

etry Gradient ~ Gradient ~ Gradient t Gradient
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Zero

Back symm Zero Zero Zero Gradien Zero
etry Gradient ~ Gradient ~ Gradient t Gradient
Epsilon
ﬁfggm wan  Fixed Zero  kqRWall ; nutkwall
Joal P Value Gradient ~ Function ~ WallFu Function
0910 nction

25 Turbulence and Coefficient Model

Based on the literature review, the Standard k-Epsilon turbulence model (Norton
et al. 2007) can be applied to this case. The Standard k-Epsilon model is one of
the turbulence models based on the resolution of two additional transport
equations for turbulent kinetic energy (k) and dissipation rate (Epsilon) (Launder
and Spalding. 1974). The following settings are used for the model, following the
default OpenFOAM values as used in the case of other CFDs

Table 2 Standard parameter values for k-Epsilon.

ok Calculated
o Calculated
k Calculated
Epsilon (g) Calculated
Ci 1.44
C 1.92
Cy 0.09

The constants C;, C,, and Cy were experimentally determined by (Shih et al.
1994) as Ci = 1.44, C, = 1.92, Cy = 0.09 which is the default setting in
OpenFOAM. Turbulence coefficient of turbulent kinetic energy (k), turbulence
dissipation () and specific turbulence dissipation (w) were calculated from
turbulence intensity (Tu), turbulence length scale (TuL), constant Cy and
freestream velocity (Uco). The Standard k-Epsilon turbulence model is applied to
the four variations of the roof angles of the joglo house

Table 3 Convergence criteria for simulation.

Parameter Toleran

Value
Pressure (p) le®
Velocity (U) 1e®
Turbulent Kinetic Energi (k) 1e®
Turbulent Kinetic Energy Dissipation 1e®
(epsilon)

nuTilda (nut) 1e*
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ParaView is used to view simulation results and sample data. ParaView provides
a GUI and is included with OpenFOAM via the "paraFoam" command. ParaView
can display data objects in the form of images or videos. In ParaView, the
function object "probe" is used to extract data from a certain point, for example
from a certain point the airflow along the roof of a Joglo house is measured using
the "volFieldValue" function.

3 Results and Discussion

The overall flow pattern shows that a velocity gradient towards zero is present at
the back of the Joglo roof as shown in figure 4. The wind speed is set uniformly
at 10 m/s towards the horizontal direction (x axis). At a time of 100 seconds, an
increase in speed occurs at a distance of £50 m after undergoing a turn at a
distance of £45 m as shown in

UMagnitude UMagnitude
12602 10 20 28e+01 1.2e02 10 20 28e+401

o : —

Figure 4: Showing the velocity magnitude of the convergent simulation (k-epsilon
turbulence model, Inlet Velocity 10 m/s). 2D View with ParaView uses the "slice"
function in the normal Y direction. Roof angle 45 ° (a) time 50 seconds, and (b) time 300
seconds.

Figure 4a. The increase in speed occurs up to 80 m and then starts to stabilize
again at a distance of £85 m. The highest speed value is above the top of the Joglo
roof, which is 16.61 m/s at a distance of £58 m. In this section there is wind that
experiences a deflection towards the vertical direction (z axis). Meanwhile, at a
time of 300 seconds, an increase in speed occurs at a distance of £50 m to +100
m (the very end). The deflection distance of the wind is further than the time of
100 seconds as shown in Figure 4b.

The pressure distribution is shown in figure 5. At a time of 50 seconds an increase
in pressure occurs at a distance of = 45 m when the wind bends as shown in figure
5a. This is indicated by the color gradation that is redder than the other parts.
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Similarly, at the time of 300 seconds shown in Figure 5b, the highest pressure
occurs when the wind bends. While the lower pressure is on the back of the roof.
This is because the wind is deflected towards the vertical (z) direction. The
pressure distribution does not change significantly at 100 seconds to 400 seconds.
This shows that the longer the pressure will be more stable at a certain amount
because the wind speed stabilizes after that time.

200 Abet02

Figure 5: Showing the convergence simulation pressure (k-epsilon turbulence model,
entry speed 10 m/s). A 2D View with ParaView uses the “slice” function in the second
row in the normal Y direction. Roof angle 45°. (a) Time 50 seconds and (b) time 300

Significant changes occur at the beginning of the wind towards the roof of the
Joglo, which is between time 0 to 50 seconds. In addition to the velocity and
pressure in the horizontal direction (x axis), there is also velocity and pressure in
the vertical direction (z axis) from the bottom of the Joglo roof to the top. This
can cause the roof to lift if the velocity and pressure are very large, or in other
words the lifting force is very large. Therefore, in this section, a vertical line is
taken to show changes in the value of velocity and pressure at each point as shown
by the arrow in Figure 4. This vertical line data is then depicted on a graph as
monitoring data. The angles of the Joglo roof are varied to see their effect on
changes in velocity and pressure. In this case the angles that are varied are 0°, 35
° 45° and 55°. Completion of the model is completed through the standard k-
Epsilon turbulence model until it reaches certain convergence criteria.
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Figure 6. Simulation model and graph of changes in pressure and velocity values in the z

direction (z axis) of the Joglo roof where (a) 0°, (b) 35°, (c) 45°, dan (d) 55°

Probes and other simulation data were obtained using pre-configured functions
in /system/controlDict as well as some functions in ParaView. The figure shows
that there is a difference in the value of the initial pressure received by the roof.
The initial pressure received is 21.31 Pa for an angle of 0°, 35.65 Pa for an angle
of 359, 53.77 Pa for an angle of 45°, and 75.77 Pa for an angle of 55°. This shows
that the greater the angle of inclination of the Joglo roof, the greater the pressure
received. While the final pressure on the boundary conditions section, namely at
X: 45,y:0, and z: 25, is at a value of 5.74 Pa for a 0 ° slope angle, 3.31 Pa for a
35° slope angle, 11.6 Pa for a 45° angle, and 28.24 for a 55 °. The wind speed in
the horizontal direction x (U_x) tends to be stable at 10 m/s for an angle of 0°.
This is because the incoming wind speed is set to the horizontal x direction and
there is no large enough wind deflection. Meanwhile, angles of 35°, 45° and 55°
have small wind speeds, namely 2.24 Pa, 1.05 Pa, and 3.86 Pa. This is because
the wind is blocked by the roof which is then deflected upwards. There is no
velocity in the horizontal y direction. However, in the vertical z direction (U_z)
there is a wind speed value due to the deflection of the wind from the x direction
to the z direction on the Joglo roof, so that the wind goes vertically upwards. The
greatest speed value is at the bottom at the beginning of the deflection of the wind,
which is 4.25 Pa.

Table 4 Changes in pressure and velocity values in the vertical direction (z axis)
at each corner of the Joglo roof

Parameter
No|Atap Joglo p U X Uy Uz
Awal | Akhir | Diff | Awal | Akhir | Diff | Awal | Akhir | Diff | Awal | Akhir | Diff
1 [Nol derajat| 21.31 | 5.74 11.44 | 8.65 0 0 0 4.25 0
2 |35 Derajat | 35.65 | 3.31 2.24 | 10.8 0 0 0 1.08 | 0.06
3 |45 Derajat | 53.77 | 11.6 1.05 | 10.76 0 0 0 0.63 | 0.12
4 |55 Derajat | 75.66 | 28.24 3.86 | 10.65 0 0 0 0.11 | 0.18
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Changes in the value of pressure and wind speed from each angle variation are
shown in table 4. The greater the angle of the Joglo roof, the greater the decrease
in the pressure value in the vertical direction (from bottom to top) as shown in
the table in green. This is indicated by the difference between the final pressure
and the initial pressure. The large angle of the Joglo roof can reduce the pressure
value significantly. The greater the angle of the Joglo roof, the wind speed in the
x direction (x axis) will increase up to a 45° angle as shown in blue in table 3
column U_X. Meanwhile, for the 55° angle, the wind speed has decreased. In the
vertical direction (z axis), the greater the angle of the Joglo roof, the higher the
wind speed as shown in blue in table 1 column U_Z. This indicates that the wind
coming from the x direction will soon be deflected towards the z direction so that
the wind speed increases. Joglo roof studies through Computational Fluid
Dynamic (CFD) can be implemented in OpenFOAM using the Darcy-
Forchheimer Equation. Comparison with similar cases from the literature
confirms the results (F. D. Molina-Aiz et al. 2012) and (Mufioz, Montero, and
Antén 2001). However, it must be said that the results are based on airflow
coming mostly from a uniform direction. If you take into account winds that come
diagonally, as happens in nature, the results will change (Lépez et al. 2016). No
significant change in airflow pattern could be found for the different speeds.
Comparison of four models with different Joglo roof angles shows similar flow
patterns. The same is true for variations of different angles. If the incoming wind
is set from all directions with the same speed value, which is 10 m/s until there is
a rotation resembling a tornado, the simulation model is obtained as follows.

Data Monitoring
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ZAxis(rr‘l;
Figure 7. Tornado wind model simulation and graph of changes in pressure and
velocity values in the vertical direction (z axis) of the Joglo roof with the k-epsilon

turbulence model, the incoming speed is 10 m/s. A 2D View with ParaView uses
the "slice" function in the second row in the narmal Y direction. Roof anale 55
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In this simulation, the wind is set from all directions, namely from the horizontal
direction (x axis and y axis) and the vertical direction (z axis) so that the wind
rotates as shown in figure 6. Winds that experience rotation are most likely to lift
the roof if the speed is high. and the pressure is great. In this section, one line is
taken on the slice to see changes in pressure and wind speed in the vertical
direction (z axis). The line is indicated by a yellow arrow in figure 4, precisely at
points x: 45 m and y: 45 m. Changes in wind speed in the horizontal direction (x
axis), the higher the roof will be because there is a driving force from the vertical
(z axis) and horizontal (y axis) direction. Meanwhile, for changes in speed in the
vertical direction (z axis), the highest wind speed is found in the distance between
7 mto 13 m, precisely on the roof after the wind bends. The initial pressure at the
bottom of the Joglo roof is 98.00 Pa and the final pressure at the top of the Joglo
roof is 36.37 Pa, so that it has a difference or pressure drop of 61.63 Pa.

The difference value obtained is greater than the change in pressure in a uniform
wind direction (see Figure 5 and table). This is due to the large angle of the roof
so that it can turn the wind direction quickly and reduce the pressure significantly.
Thus, a larger roof angle will be more resistant and stronger against wind pressure
than a smaller angle if there are strong winds or tornadoes.

4 Conclusion

The completion of the Joglo roof simulation was completed through the Standard
k-Epsilon turbulence model with several functions in OpenFOAM and ParaView.
The overall flow pattern shows that the velocity gradient towards zero is at the
back of the Joglo roof, with the highest velocity value of 16.61 m/s at a distance
of 58 m. At the wind speed which is set in the direction of x, the highest pressure
occurs when the wind bends at a distance of £45 m. While the lower pressure is
on the back of the roof. For wind speeds that are set from all directions, namely
the horizontal direction (x axis and y axis) and vertical direction (z axis), the
highest wind speed is at a distance of 7 m to 13 m. The initial pressure at the
bottom of the Joglo roof is 98.00 Pa and the final pressure at the top of the Joglo
roof is 36.37 Pa, with a large difference of 61.63 Pa. The value of the difference
is quite large due to the large angle of the roof of the Joglo so that it can turn the
wind direction quickly and reduce the pressure significantly. The greater the
angle of the Joglo roof, the greater the initial pressure received because the wind
is restrained by the vertical roof walls. The presence of wind that is deflected in
a vertical direction will reduce the initial pressure value received significantly, so
that the greater the angle of the Joglo roof, the lower the pressure value will be
even greater. Conversely, the smaller the angle of the Joglo roof, the smaller the
initial pressure received will be. The very small corner of the Joglo roof shows
the shape of a straight roof in the direction of the wind. This results in no
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significant vertical deflection of the wind so that the initial pressure received is
small and the pressure drop is also small.
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