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10. Finite Volume Method (Fvm)

11. Data Logger

12. Coupling

13. Momentum

14. Whit

15. Stefan—Boltzmann

16. Node

17. Tetrahedral

&be

-Aflaki, A., N. Mahyuddin, Z. A.-C. Mahmoud, and M. R. Baharum. 2015. A Review on Natural
Ventilation Applications through Building Facade Components and Ventilation Openings in Tropical
Climates. Energy and buildings 101: 153-162.

-Akkurt, G., N. Aste, J. Borderon, A. Buda, M. Calzolari, D. Chung, V. Costanzo, C. Del Pero, G. Evola,
and H. Huerto-Cardenas. 2020. Dynamic Thermal and Hygrometric Simulation of Historical Buildings:
Critical Factors and Possible Solutions. Renewable and Sustainable Energy Reviews 118: 109509.

-Alfano, F. R. d. A., B. I. Palella, and G. Riccio. 2023. Moisture in Historical Buildings from Causes to the
Application of Specific Diagnostic Methodologies. Journal of Cultural Heritage 61: 150-159.

-Anderson, D., J. C. Tannehill, and R. H. Pletcher. 2016. Computational Fluid Mechanics and Heat
Transfer. Taylor & Francis.

-Ascione, F., F. De Rossi, and G. P. Vanoli. 2011. Energy Retrofit of Historical Buildings: Theoretical
and Experimental Investigations for the Modelling of Reliable Performance Scenarios. Energy and
buildings 43(8): 1925-1936.

-Bajno, D., L. Bednarz, Z. Matkowski, and K. Raszczuk. 2020. Monitoring of Thermal and Moisture
Processes in Various Types of External Historical Walls. Materials 13(3): 505.

-Balocco, C., and G. Grazzini. 2007. Plant Refurbishment in Historical Buildings Turned into Museum.
Energy and buildings 39(6): 693-701.

-Bay, E., A., Martinez-Molina, and W. A. Dupont. 2022. Assessment of Natural Ventilation Strategies
in Historical Buildings in a Hot and Humid Climate Using Energy and Cfd Simulations. Journal of
Building Engineering 51: 104287.

-Bergman, T. L., A. S. Lavine, F. P. Incropera, and D. P. De Witt. 2011. Introduction to Heat Transfer.
John Wiley & Sons.

-Bonomo, P., and P. De Berardinis. 2014. Pv Integration in Minor Historical Centers: Proposal of Guide-
Criteria in Post-Earthquake Reconstruction Planning. Energy Procedia 48: 1549-1558.

-Bordass, W., and C. Bemrose. 1996. Heating Your Church. Church House Publishing.

-Calautit, J. K., A. I. Aquino, S. Shahzad, D. S. Nasir, and B. R. Hughes. 2017. Thermal Comfort and Indoor
Air Quality Analysis of a Low-Energy Cooling Windcatcher. Energy Procedia 105: 2865-2870.

-Camuffo, D., E. Pagan, S.Rissanen, L. Bratasz, R. Kozlowski, M. Camuffo, and A. della Valle.



2010. An Advanced Church Heating System Favourable to Artworks: A Contribution to European
Standardisation. Journal of Cultural Heritage 11(2): 205-219.

-Cantin, R., J. Burgholzer, G. Guarracino, B. Moujalled, S. Tamelikecht, and B. Royet. 2010. Field
Assessment of Thermal Behaviour of Historical Dwellings in France. Building and Environment
45(2): 473-484.

-Cheung, J. O., and C.-H. Liu. 2011. Cfd Simulations of Natural Ventilation Behaviour in High-Rise
Buildings in Regular and Staggered Arrangements at Various Spacings. Energy and Buildings 43(5),
1149-1158.

-Cho, H. M., S.Yang, S. Wi, S. J. Chang, and S. Kim. 2020. Hygrothermal and Energy Retrofit Planning
of Masonry Fagade Historic Building Used as Museum and Office: A Cultural Properties Case Study.
Energy 201: 117607.

-Corgnati, S. P, and M. Perino. 2013. Cfd Application to Optimise the Ventilation Strategy of Senate
Room at Palazzo Madama in Turin (Italy). Journal of Cultural Heritage 14(1): 62-69.

-D’Agostino, D., and P. M. Congedo. 2014. Cfd Modeling and Moisture Dynamics Implications of
Ventilation Scenarios in Historical Buildings. Building and Environment 79: 181-193.

-D’Agostino, D., P. M. Congedo, and R. Cataldo. 2013. Ventilation Control Using Computational Fluid-
Dynamics (Cfd) Modelling for Cultural Buildings Conservation. Procedia Chemistry 8: 83-91.

-Edis, E., I. Flores-Colen, and J. de Brito. 2015. Quasi-Quantitative Infrared Thermographic Detection of
Moisture Variation in Facades with Adhered Ceramic Cladding Using Principal Component Analysis.
Building and Environment 94: 97-108.

-Fanger, P. O., A. K. Melikov, H. Hanzawa, and J. Ring. 1988. Air Turbulence and Sensation of Draught.
Energy and buildings 12(1): 21-39.

-Fatahi, K., N. Nasrullahi, M. Ansarimanesh, J. Khodakarami, and A. Emranipour. 2021. Investigating the
Role of Geometry and Type of Urban Open Space on Thermal Comfort and Environmental Quality
(Case Study: Kashan Historical Part). Motaleate Shahri 10(39): 69-82.

-Fikry, A., and A. Elsayed. 2021. Improving the Indoor Air Quality (Iaq) in Naturally Ventilated Lecture
Hall with a Single Facade by Solar Chimneys. Journal of Engineering and Applied Science 68(1):
1-18.

-Fox, R. W., A. T. McDonald, and J. W. Mitchell. 2020. Fox and Mcdonald’s Introduction to Fluid
Mechanics. John Wiley & Sons.

-Graebel, W. 2007. Advanced Fluid Mechanics. Academic Press.

-Giilhan, O. 2019. Natural Ventilation Design for Historic Libraries with Cfd (Computational Fluid
Dynamics) Simulation Izmir Institute of Technology].

-Hota, A., and S. Czarnecki. 2022. Brick Wall Moisture Evaluation in Historic Buildings Using Neural
Networks. Automation in Construction 141: 104429.

-Huerto-Cardenas, H., F. Leonforte, N. Aste, C. Del Pero, G. Evola, V. Costanzo, and E. Lucchi. 2020.
Validation of Dynamic Hygrothermal Simulation Models for Historical Buildings: State of the Art,
Research Challenges and Recommendations. Building and Environment 180: 107081.

VE¥ sl g e - YO el

af



Sl gylare doliliad g
VY sl g ke - YO oyladds
a0

-Kaviany, M., and A. Kanury. 2002. Principles of Heat Transfer. Appl. Mech. Rev. 55(5): B100-B102.

-Liu, F., X. Zhang, J. Zeng, Y. Li, and G. Wang. 2023. The Numerical Study on Indoor Heat and Moisture
Transfer Characteristics of an Ancient Palace Building in Beijing. Processes 11(7): 1900.

-Lopez, C. S. P, and F. Frontini. 2014. Energy Efficiency and Renewable Solar Energy Integration in
Heritage Historic Buildings. Energy Procedia 48: 1493-1502.

-Mardani, A. 2021. The Pattern Effect of Central Courtyard Geometric on the Air Flow in Traditional
Houses of Shushtar. /ranian Islamic city studies 43(11): 71-80. http://rimag.ricest.ac.ir/fa/Article/16349

-Martinez-Molina, A., P. Boarin, I. Tort-Ausina, and J.-L. Vivancos. 2018. Assessing Visitors’ Thermal
Comfort in Historic Museum Buildings: Results from a Post-Occupancy Evaluation on a Case Study.
Building and environment 132: 291-302.

-Martinez-Molina, A., I. Tort-Ausina, S. Cho, and J.-L. Vivancos. 2016. Energy Efficiency and Thermal
Comfort in Historic Buildings: A Review. Renewable and Sustainable Energy Reviews 61: 70-85.

-Michalski, S. 1998. Climate Control Priorities and Solutions for Collections in Historic Buildings. Forum
(Historic Preservation Forum),

-Nielsen, P. V., F. Allard, H. B. Awbi, L. Davidson, and A. Schilin. 2007. Computational Fluid Dynamics
in Ventilation Design Rehva Guidebook No 10. In: Taylor & Francis.

-Rosina, E. 2018. When and How Reducing Moisture Content for the Conservation of Historic Building.
A Problem Solving View or Monitoring Approach? Journal of Cultural Heritage 31: S82-S88.

-White, F. M. 1994. Fluid Mechanics, Mcgraw-Hill. New York.



B Impact of Air Flow and Humidity on the Erosion of Walli
Castle in Ilam: A CFD Approach

Fatemeh Barmansh
Master of Architecture, Department of Architecture, Ilam Branch, Islamic Azad University

Karen fatahi
Assistant Professor, Department of Architecture, Ilam Branch, Islamic Azad University

Mojtaba Noorollahi

Assistant Professor, Department of Architecture, Ilam Branch, Islamic Azad University

Ahmad Malekshahi

Master of Science in Mechanics Department, I[lam Branch, Islamic Azad University

The preservation of historical monuments is increasingly recognized as a critical and
vital concern within global scientific communities. Therefore, analyzing the biological
and functional dimensions ofhistorical buildings, both from an architectural perspective
and across other engineering disciplines, is an essential research priority. Addressing
the impact of relative humidity (RH) on thermal comfort and structural integrity in
historic buildings necessitates strategies such as proper ventilation, humidity control
measures, and periodic maintenance during restoration or renovation projects.
This study simulates and analyzes air flow and relative humidity inside a historical
building (Walli Castle in Ilam) using the Computational Fluid Dynamics (CFD)
approach in Fluent software. Since moisture is one of the main destructive factors
for historical structures —particularly in cold winters— the study first conducted
experimental measurements of air temperature, relative humidity, pressure and flow
velocity during a critical low-temperature winter day using data-recording equipment.
Subsequently, a 3D geometric model of the building was created in Rhino software
and CFD analyses were performed in Fluent. The experimental and numerical results
were compared under two distinct scenarios. Based on the comparative analysis, to
mitigate the adverse effects of humidity while preserving the historical fabric, it is
recommended to implement a heating system with an optimally calculated heat flux to
reduce relative humidity. The results indicate that intense air flow and the high relative
humidity during winter are key factors contributing to the interior erosion of the Walli
Castle in [lam, necessitating repeated restorations in recent years. The novelty of this
research lies in validating the Fluent software simulation model and demonstrating its
capability to predict the potential erosion of valuable historical buildings based on air
flow intensity and relative humidity, achieving an average error margin of 2.9% under
varying climatic conditions.

Keywords: Historical monument, computational fluid dynamics, air flow, relative
humidity, Walli Castle, Ilam city.
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