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Abstract: One of the main factors affecting the consistency of Contjmrtal Fluid Dynamics (CFD) simulation results is the
horizontal homogeneity of the atmospheric boundary layeBL( profile, which is correctly reproducing the ABL profilend
maintaining the profile throughout the streamwise directibthe computational domain for different flow variablekisTpaper is part
of a research arguing that different commercial CFD codespite using the same simulation variables, can yieldreifferesults for
achieving a horizontally homogeneous ABL profile. This pagies to assess the performance of the commercial CFD codgYSN
Fluent, in achieving a horizontally homogeneous ABL proBlilace CFD is embedded with errors and uncertainties, rastipe
guidelines for using CFD is extracted from literature anelduas a start point for the CFD simulations. Results showRhBIENT is
able to achieve a horizontally homogenous atmosphericdaoyriayer profile using a set of simulations variables. Totpa results
in context, it is recommended that the obtained horizoptatimogenous atmospheric boundary layer profile from moae tne
commercial code is implemented in studying wind flow aroursdidace mounted cube in a turbulent channel flow and congpéniz
obtained results with in-situ measurements and wind teniesk results. This would demonstrate the effect of obtgiaihorizontally
homogenous atmospheric boundary layer profile on the densig of the results of CFD simulations of wind flow aroundfbiodies.

Keywords: CFD, fluent, horizontal homogeneity, atmospheric bountiygr (ABL) profile.

1 Introduction is the horizontal homogeneity of the atmospheric
. ) ) . . ) boundary layer (ABL) profile throughout the
Numerical simulations methods including Computational computational domain which means that there no
Fluid Dynamics (CFD) is one of the main assessmentsireamwise gradients in the flow variables in the flow
tools for urban physicsl|. CFD simulations have many direction from the inlet boundary throughout the domain
applications such as investigating air pollutant diseTsi  to the outlet boundarylfl]. It is evident that simulating a
within the built environmeng)], assessing wind potential horizontally homogenous ABL profile is difficult and
for wind turbines B,4] and their integration within the requires careful consideration of the boundary conditions
built environment 5], assessment of cross-ventilation of [3'4, 12, 13] This paper aims to achieve the requirement
buildings 6], pedestrian-level wind speed for wind of the horizontal homogeneity of the ABL profile so that
comfort assessmenf]| in addition to the potential of it would be used with confidence in other CFD
accurately predicting urban microclimai@l.[Thus, CFD  simulations. This work is part of a research investigating
simulation can be used as a tool for informed decisionthe consistency of different commercial CFD codes
making in urban design application§]However, CFD  namely; FLUENT and CFX in achieving the horizontal
simulations are embedded with errors and uncertaintieshomogeneity of the ABL profile, then using the obtained
Thus, best practice guidelines should be consulted beforap| profiles from both codes as the inlet profile for
running CFD simulations 1[0]. In addition, validation  studying wind flow around a surface-mounted cube in a
studies are required to give confidence in the obtainedurbulent channel flow, then comparing the results to
results. Validation studies can be carried out byassess the accuracy of both codes in predicting the flow

comparing the obtained CFD simulation results by in-situaround the cube. However, this paper focuses on the
measurements and wind tunnels tests results. One of the

main factors affecting the consistency of CFD simulations
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Fig. 1: Computational domain dimensions and positions of lines 3, 2 and 5

results from the commercial CFD code FLUENT in dissipation rateg) respectively as mentioned in Richards
achieving a horizontal homogenous ABL profile. and Hoxey 16].

The bottom boundary condition is specified as a rough
2 Flow problem setting wall and standard wall functions are used, the roughness
height s) and roughness constariisf were determined

Richards and Norrisl4] and Yang et al. 15 asserted the ~&ccording to the relationship betwedq, Cs and z
importance of correctly reproducing the atmosphericdrived by Blocken et al.1[7] satisfying equation 4. In
boundary layer (ABL) profile in CFD simulations in addition, a wall shea'r stress of 0.58Pa is assigned for the
addition to maintaining the profile throughout the streamPOttom boundary satisfying equation 5 for the shear stress
wise direction of the computational domain. Richards and(w)- According to Blocken et al.1[7], specifying a wall
Hoxey [16] also stated that all simulation variables, shear.stress'at the bottom of the pomputauona;l domain
especially the boundary conditions should be adjusted t@SSociated with the ABL profiles satisfying equations 1, 2
produce a horizontally homogenous boundary layer flow@"d 3 would result in a good homogeneity for both wind
in the absence of any obstructions. For achieving thisSP€ed and turbulence profiles. The top and side boundary
they suggested using the- ¢ turbulence model, and the conditions are_gpeplfled as symmetry while the outlet
inflow profile would be expressed in terms of velocity Poundary condition is specified as pressure outlet.

profile (u), turbulent kinetic energy (k) and its dissipatio 9.793
rate €) through the following equations: ks = c (4)
ut z+179 2
u:?ln( Z ). (1) Tw = pU*. (5)
The realizablek — € turbulence model is used for the
u* closure of the transport equations. The simple algorithm
k= = (2)  scheme is used for the pressure-velocity coupling.
vV =H Pressure interpolation is second order and second-order
= discretisation schemes are used for both the convection

) ©) and the viscous terms of the governing equations.
k(z+20)

whereu* is the friction velocityk is the von Karman
constantz, is the aerodynamic roughness length éhd 3 Results
is the turbulence model constant. In this work, modelling
an equilibrium ABL profile in a 3D empty computational The solution is initialised by the values of the inlet
domain of dimensionsXxYxZ = 126mx36mx36m was  boundary conditions. The chosen convergence criterion is
carried out (see Figure 1). The mesh used is arspecified so that the residuals decrease to 10-6 for all the
equidistant structured mesh with spacing of 0.5m in X, Y equations. The solution is initialized with the values &t th
and Z directions giving 1306368 hexahedral cells. Itinlet boundary condition and it converges after 499
should be noted here that Hargreaves and Wrigilitdnd  iterations and velocity, turbulent dissipation rate (TDR)
Yang et al. L5] asserted that the horizontal homogeneity and turbulent kinetic energy (TKE) are plotted along five
of the ABL profile is independent of mesh resolution. The equidistant vertical lines in the streamwise direction of
inlet boundary condition is specified using a user definedthe domain (X= 0, 31.5, 63, 94.5 and 126m) (see Figure
function (UDF) satisfying equations 1, 2 and 3 for the 1).
velocity (u), turbulent kinetic energy (k) and turbulent Horizontal homogeneity of the ABL means that the plots
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Fig. 2. Horizontal homogeneity (top and middle) for _ ) ) )

velocity magnitude and turbulent dissipation rate, F19- 3: Horizontal homogeneity (top and middle)

Turbulent kinetic energy (bottom): no horizontal for Velocity magnitude and turbulent dissipation

homogeneity achieved along the streamwise direction of&t€: Turbulent kinetic energy (bottom) no horizontal

the computational domain homogenelty'achleved glong the streamwise direction of
the computational domain
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of velocity, TDR and TKE should coincide along lines 1, R S——
2, 3, 4 and 5 (Figure 1). Horizontal homogeneity was —={Ine- X
achieved for both velocity and TDR. As for TKE, Figure i e 1. |
2 shows streamwise gradients in the vertical TKE profile - ne- #
which means that horizontal homogeneity was not §
achieved. *] i/
According to Yang et al. 15, the measures taken by 20 Fd
Blocken et al. 17] improved the level of horizontal i 4
homogeneity to some extent. However, Yang et &§] [ ]
argued that better results can be achieved if the mean 9]
velocity profile is represented by the logarithmic law 8l
(Equation 1), turbulent kinetic energy (k) and turbulent —
dissipation ratef) represented by equations 6 and 7 " ; 3 3 i . c 2
respectively. Velocity Magnitude (m/s)
ut Z+ 2 @
k= a Clln( 7y )+CZ (6) Domain height
3 ) IRS:
u* Z+ 79 35 ine-
£= Kzt 2) \/Clln( % )+Co. (7) | ine-
whereC; and C, are constants obtained from fitted 55
curve of the k profile from wind tunnel tests and equal to
-0.17 and 1.62 respectively. All other simulation 2
parameters are the same as those in Blocken et dl. [ 15
except that the ground boundary condition is set as a o]
non-slip wall with roughness height equal to 0.4m and
roughness constant equal to 0.75 satisfying equation 4. 5%
The solution converges after 687 iterations. Both the o ] e R , , ,
velocity and TDR showed very good homogeneity in the o 02 04 06 08 1 12 14 16
streamwise direction of the domain, as for the TKE the Turbulent Dissipation Rate (Epsilon) (m2/s3)
results are improved largely. However, small streamwise (b)
gradients in the vertical TKE profile are noticed near the
ground (Figure 3). 40 - Domain height -,
According to Blocken et al.17] and Hargreaves and iid = fne-
Wright [11], these near ground streamwise gradients can — line-
be eliminated if the outlet profile of a similar simulation ]
in a longer domain (10000m and 5000m respectively) is 25 -
used as the inlet profile of the same domain. However, for
limited computational power available, simulation is run ®
for the same domain but with double the length in the 15 4
streamwise direction leading to a domain of dimensions .
252m x 36m x 36m. When comparing the results with the
results from the previous two simulations, it is noticed i
that horizontal homogeneity for velocity, TDR and TKE 0 =
profiles are achieved throughout the computational . o ! b ' i *
domain (Figure 4). Turbulent Kinetic Energy (k) (m2/s2)
(©)

4 Discussion and Conclusion Fig. 4: Horizontal homogeneity (top to bottom) for

velocity magnitude, turbulent dissipation rate and

The horizontal homogeneity of the atmospheric boundary, et kinetic energy along the streamwise direction of
layer profile plays an important role in the consistency of, computational domain

the results of CFD simulations. Different CFD codes
might vyield different results for a horizontally
homogenous atmospheric boundary layer profile. Thus,
this paper has presented the results of achieving a
horizontally homogeneous atmospheric boundary layer
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profile using the commercial CFD code FLUENT. After [9] W. Guo, X. Liu and X. Yuan, Study on Natural Ventilation
using different equations describing the velocity  Design Optimization Based on CFD Simulation for Green
magnitude, turbulent dissipation rate and turbulent kinet Buildings. Procedia Engineering, 121, 573-581 (2015)
energy as the inlet profile, horizontally homogenous[10] C.-H. Hu, Proposed Guidelines of Using CFD and the
atmospheric boundary layer is achieved using the Validity of the CFD Models in the Numerical Simulations
commercial CEFD code FLUENT. The main factor of Wind Environments around Buildings. PhD thesis. Heriot-
affecting achieving a horizontally homogenous Watt University (2003). ,

atmospheric boundary layer profile is to let the flow travel [11] D-M. Hargreaves and N.G. Wright, On the use of the
a long distance in the domain and use the outlet profile as  K[épsilon] model in commercial CFD software to model
the inlet profile. For assessing the effect of the obtained the neutral atmospheric boundary layer, Journal of Wind
atmospheric boundary layer profiles from different Ezrg)%geenng and Industrial Aerodynamics, 95(5), pp. 368-3
Commercial CFD co_des, it is recommendt_—zd to use th 12](X. C)éi, Q. Huo, L. Kang and Y. Song, Equilibrium
obtalned atmospheric boundary Iayer profiles from ,tWO atmospheric boundary-layer flow: computational fluid
different CFD codes as the inlet profile for studying wind

. dynamics simulation with balanced forces. Boundary-layer
flow around a surface-mounted cube in a turbulent eeorology, 152(3), 349-366 (2014).

channel flow and compare the obtained results withj13) A M. Aly, Atmospheric boundary-layer simulation fdne
in-situ measurements and wind tunnel tests which is an  pyiit environment: Past, present and future. Building and
ongoing research by the author and will be published in  Environment, 75, 206-221 (2014).
further publications. [14] P. Richards and S. Norris, Appropriate boundary coonlt
for a pressure driven boundary layer. Journal of Wind
Engineering and Industrial Aerodynamics, 142, 43-52 (2015
References [15] W. Ya_ng, X. Jin, H. Jin, M. Gu and S. Ch(_an, App_ll_ca_tlon
of new inflow boundary conditions for modeling equilibrium

. . . atmosphere boundary layer in RANS-based turbulence
[1]B. Blocken. Computational Fluid Dynamics for urban  o4els The Twelfth International Conference on Wind

physics: Importance, scales, possibilities, limitatiansl ten Engineering. Cairns, Australia. pp. 591-598 (2007).

tips and tricks towards accurate and reliable simulations.[16] P.J. Richards and R.P. Hoxey, Appropriate boundary

Building and Environment, 91, 219-245 (2015). conditions for computational wind engineering models
[2] M. Lateb, R. Meroney, M. Yataghene, H. Fellouah, F. Saleh ,ging the k-[epsilon] turbulence model, Journal of Wind

and M. Boufadel,On the use of numerical modelling for near- Engineering and Industrial Aerodynamics, 46-47, pp. 145-
field pollutant dispersion in urban environments? A review. 153 (1993) . ' '
Environmental Pollution, 208, 271-283 (2016). [17] B. Blocken, T.Stathopoulos, and Carmeliet, J. (20D

[3] B.Yan, Q. Li, Y. He and P. Chan, RANS simulation of neutral = gimyjation of the atmospheric boundary layer: wall funatio

atmospheric boundary layer flows over complex terrain by problems’, Atmospheric Environment, 41(2), pp. 238-252.
proper imposition of boundary conditions and modification

on the k-? model. Environmental Fluid Mechanics, 16(1), 1-
23 (2016).

[4] C.-Y. Chang, J. Schmidt, M. Drenkmper and B. Stoevesandt
A consistent steady state CFD simulation method for
stratified atmospheric boundary layer flows. Journal of Wind
Engineering and Industrial Aerodynamics, 172, 55-67 (2018

[5]1. Abohela, N. Hamza and S. Dudek, Effect of roof shape,
wind direction, building height and urban configuration on
the energy vyield and positioning of roof mounted wind
turbines. Renewable Energy, 50, 1106-1118 (2013).

[6] T. van Hooff, B. Blocken and Y. Tominaga, On the
accuracy of CFD simu_lat_ions of cross_-ventilation flows for architectural engineering
a generic isolated building: Comparison of RANS, LES related modules. His research interests focus on

and experiments. Building and Environment, 114, 148-165. . . . . . .
(2017). implementing simulation tools in understanding building

[7]B. Blocken, T. Stathopoulos and J. P. A. J. van Beeck, phySiCS’ energy performance in buildings, retrofitting
Pedestrian-level wind conditions around buildings: Renxoé micro renewable sources Of. energy in urban areas
wind-tunnel and CFD techniques and their accuracy for wing@nd effect of behavioural interventions on energy

comfort assessment. Building and Environment, 100, 50-g1€onsumption in buildings, in addition to investigating
(2016) the relationship between film and architecture. His

[8]Y. Toparlar, B. Blocken, P. Vos, G. Van Heijst, W. teaching and research supervision experience covers
Janssen, T. van Hooff and H. Timmermans, CFD simulationundergraduate, postgraduate and doctorate students.
and validation of urban microclimate: A case study for Based on his experience in academia and industry, he
Bergpolder Zuid, Rotterdam. Building and Environment, 83, provides professional consultative services to industry.
79-90 (2015).

Idam Abohela is
currently the Head of
the Civil and Architectural
Engineering Department at
Applied Science University.
He is a registered Architect
with solid experience
in research and teaching
building science and

(@© 2018 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

	Introduction
	Flow problem setting
	Results
	Discussion and Conclusion

