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Wind Tunnel Experiments and CFD Simulations
for Gable-Roof Buildings with Different Roof Slopes
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Wind tunnel experiments and numerical simulations (CFD) were carried out on gable-roof buildings with
different roof slopes. Experimental studies were implemented in wind tunnel on roof models with three different
slopes (α = 10◦, α = 20◦, and α = 30◦). Database was created around the building for time-averaged velocity,
turbulent kinetic energy, and pressure coefficient. Analyses were implemented for investigations of grid number
effect and turbulence model effect for the α = 20◦ roof slope model. Grid determination and turbulence models
were investigated and validated by comparing the results of the computational fluid dynamics simulations with
the experimental data for all the roof slopes. Generally, the numerical results showed compatibility with the
experimental results despite some differences. Eventually, the effect of the roof slope on the gable-roof buildings
were expressed using the computational fluid dynamics results.
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1. Introduction

Roof’s slope has an important influence on the flow
environment surrounding a building [1]. Wind-related
roof damage or collapse can cause life and property loss,
and thus wind load is one of the most important pa-
rameters in roof design. However, the effects of wind on
roofs vary according to several factors, including wind
magnitude and direction, and roof slope and geometry
(e.g., gabled, tower type). Wind load is typically deter-
mined by measuring wind pressure at various points of
roof models under different wind conditions in a wind
tunnel. However, this technique is time-consuming, dif-
ficult, and expensive. New advances in software devel-
opment, however, have made it possible to model wind
load, and thereby enable designers and researchers to
assess structures of various designs under various wind
conditions to choose an optimal design before beginning
production. The influence of roof lopes on the buildings
has been examined both experimentally and numerically
in many studies [2–16].

In this study, gable roof buildings which have different
slopes were investigated experimentally and numerically.
CFD simulations were performed and compared with ex-
perimental results. Finally, the effect of the roof slope on
the building was clarified using the CFD results.

2. Experimental setup and measurements

Gabled roofs with rectangular closed surfaces and tri-
angle shield sides are commonly preferred in construc-
tion, because of their simplicity and relatively lower cost.
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Therefore, that basic design was used in wind tunnel ex-
periments to take pressure measurements (Fig. 1). In
the figure, surface E represents the windward roof sur-
face, or that which is facing the wind, and surface F is
the leeward roof surface. The other dimensions are as
follows: length d = 135 mm, width s = 135 mm, height
h = 75 mm; Φ denotes wind direction angle, and α de-
picts roof angle. Gable roofs are defined according to
windward and leeward slope angles, which are α1 and
α2, respectively.

Fig. 1. Dimensions of experimental roof model and
measurement points.

Experiments were performed in a suction wind tun-
nel. In all cases, pressure measurements were repeated
from one side to the center of the building. Fifty sen-
sors were attached to the surface of the model building,
and then hoses (similar to those used by Stathopoulos
and Saathoff [17]; internal diameter of 1.5 mm, length of
600 mm) that delivered air to the model were attached
to the sensors. After measurements were taken, the wind
load of the roof was converted to analog signals by the
pressure sensors using an RXLdp Ashcroft transmitter
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at a range of 0–10 mbar. These analog signals were in
turn converted to numerical values, and then read by a
computer.

Then pressure coefficients (Cp), which account for vari-
ation in pressure and suction on vertical, horizontal, and
inclined surfaces, were calculated as Eq. (1) [18, 19]:

Cp =
P − P0
1
2ρV

2
, (1)

where P is static pressure at a point on the roof model,
P0 is uniform flow static pressure in the test section (at
velocity V ), ρ is the density of air, and V is velocity of
uniform flow. Through cross-section measurements were
taken with the hot-wire probe from 10 points were found
in accordance with standard and mean velocity. The
flow rate was calculated by multiplying the flow cross-
sectional area and mean velocity.

Special care was taken to minimize the error by making
sure that the pipe was clamped down firmly and the Pitot
tube was positioned so that its tip saw normal flow of air
at every measurement. The measurement was taken by
teams of two, so as to reduce the precision error.

The free stream velocity in the central point of the test
section was assumed to be the best measure of the free
stream velocity, as the region in the test section would
have the least amount of turbulence. Taking this cen-
tral velocity as the best measured value, it was used to
analyse the values of free stream velocity across the cross-
section of the test section.

Mean velocities were measured throughout a vertical
line on the centre. Reference velocity was taken as 10 m/s
at the centre of test section of wind tunnel. Power law is
given in the following Eq. (2). It gives velocity distribu-
tion

U(z)

U(zg)
=

(
z

zg

)α
. (2)

In this experimental study, the exponent α was found as
0.25. This is suitable value under neutral stability con-
ditions, it is approximately between 0.23 and 0.28 [17].

3. Numerical methods

The FLUENT, which is commercial program, is used
to analyse the flow in the numerical model. Finite volume
method discretized the governing equations [20].

3.1. Grid-sensitivity analysis

Because mesh number affects both the efficiency and
accuracy of CFD simulations, mesh refinement effects
were first examined for different element numbers. Anal-
ysis was performed according to three grid cells. These
grid cells are about 1,125,000 grid cells (coarser grid),
2,560,000 grid cells and 3,500,000 grid cells (finer grid).
The differences in the overall pressure coefficient distri-
bution between last two grid cells are around 3%. Thus,
considering both the computational time cost and solu-
tion precisions the second grid cells (2,560,000) is taken

for the whole computation. The free exit boundary con-
ditions were as follows: the diffusion flow of all flow vari-
ables perpendicular to the exit plane were assumed to be
zero, and exit velocity and pressure were assumed to be
fully developed flow. The free-slip restrictions of com-
putational space on the side and top surfaces were as
follows: the normal gradients of all normal velocity in-
gredients, and all velocity ingredients were assumed to
be zero.

3.2. Influence of turbulence models

Three turbulence models were tested. These models
are the standard k-ε, the RNG k-ε, and the realizable k-
ε. It was discretized transport equations using a second-
order upwind scheme. Second order scheme was accepted
for pressure interpolation. It was used the simple algo-
rithm for pressure–velocity coupling. Based on all of the
above results, the essential components of the optimal
model for estimating wind load were thus the following:
CFD simulation using the ANSYS-Fluent software with
RNG k-ε turbulence model.

3.3. Prediction of pressure coefficients

Figure 2 shows the contours of the pressure coefficients,
on the roof surfaces of the buildings with three different
roof slopes. Apparently, the reference pressure has a con-
siderable influence on the pressure coefficient. The ref-
erence pressure position is taken to be the same in wind
tunnel experiments.

Fig. 2. Pressure coefficient on the roof surfaces with
α = 10◦ slopes for Φ = 0◦, Φ = 30◦ Φ = 60◦ and
Φ = 90◦.

As can be seen from Fig. 2a–d, at an α = 10◦ roof
slope, critical pressure coefficients occur on the windward
side of the roof and near the ridges for a wind direction
angle of Φ = 0◦, on the windward and leeward side of the
roof for a wind direction angle of Φ = 30◦, on the leeward
side of the roof for a wind direction angle of Φ = 60◦,
windward side of the roof for a wind direction angle of
Φ = 90◦, respectively.
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As can be seen from Fig. 3a–d, at an α = 20◦ roof
slope, critical pressure coefficients occur near the ridges
for a wind direction angle of Φ = 0◦, on the leeward
side of the roof and near the ridges for a wind direc-
tion angle of Φ = 30◦, on the leeward side of the roof
for a wind direction angle of Φ = 60◦, windward side
of the roof for a wind direction angle of Φ = 90◦,
respectively.

Fig. 3. As in Fig. 2, but with α = 20◦.

As can be seen from Fig. 4a–d, at α = 30◦ roof slope,
critical pressure coefficients occur on the windward side
of the roof and near the ridges for a wind direction an-
gle of Φ = 0◦, on the leeward side of the roof and cor-
ner side surface for a wind direction angle of Φ = 30◦,
on the corner side surface of windward side of the roof
and on the side surface of leeward side of the roof for
a wind direction angle of Φ = 60◦, on the side sur-
faces of the roof for a wind direction angle of Φ = 90◦,
respectively.

Fig. 4. As in Fig. 2, but with α = 30◦.

4. Conclusions

In this study, wind tunnel experiments and CFD simu-
lations were implemented for gable roof buildings. Gable
roofs have different roof slopes (10◦, 20◦, and 30◦). The
following results were obtained.

• The differences are quite small between three tur-
bulence models. But the RNG k-ε turbulence
model gave slightly better results than the other
models (standard k-ε, realizable k-ε).

• Generally, numerical results agreed well with ex-
perimental data for the velocity despite some dif-
ferences. The reason for these differences are fluc-
tuations. Vortex shedding behind the ridge formed
large-scale transient fluctuations. Thus, steady
Reynolds-averaged Navier–Stokes (steady RANS)
cannot be reproduced.

• The pressure coefficients Cp are generally well re-
produced by the CFD analyses. But negative peak
value of CP near the separation region overesti-
mated near the ridge for roof slopes (especially 200
and 30◦).

• The separation flow at the ridge and the recircula-
tion flow behind the building become larger as the
roof slope becomes steeper.

• As roof slope increase, mean pressure changes from
a negative to a positive value on the windward for
a wind direction angle of Φ = 0◦, Φ = 30◦, and
Φ = 60◦.

• Mean negative pressures occurring on the leeward
side of the roof were greater than on the windward
side of the roof.

• The lowest negative pressures at all of roof slopes
occur for a wind direction angle of Φ = 90◦.
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