
Accepted Manuscript

Finite panel method for the simulation of wind-driven rain

Chongwen Jiang, Chenhao Xu, Zhenxun Gao, Chunhian Lee

PII: S0360-1323(16)30124-X

DOI: 10.1016/j.buildenv.2016.04.010

Reference: BAE 4453

To appear in: Building and Environment

Received Date: 19 February 2016

Revised Date: 8 April 2016

Accepted Date: 11 April 2016

Please cite this article as: Jiang C, Xu C, Gao Z, Lee C, Finite panel method for the simulation of wind-
driven rain, Building and Environment (2016), doi: 10.1016/j.buildenv.2016.04.010.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.buildenv.2016.04.010


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

*Corresponding author. National Laboratory for Computational Fluid Dynamics, School of Aeronautics Science 
and Engineering, Beihang University, 37th Xueyuan Road, Haidian District, Beijing 100191, China 
 E-mail address: cwjiang@buaa.edu.cn (C. Jiang) 
 Tel: +86 (10) 82315396 
 Fax: +86 (10) 82317011 

Finite Panel Method for the simulation of wind-driven rain 
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Engineering, Beihang University, Beijing, China 

Abstract: In present numerical methods for the wind-driven rain (WDR) simulation, a large 

computational work for raindrop trajectories is required to obtain the distribution of the catch ratio 

because of the randomness of the initial conditions of the raindrops. A new method named Finite 

Panel Method (FPM) that is employed to acquire the catch ratio distribution is proposed to reduce 

the calculation amount and diminishes the randomness. In the FPM, raindrops ending in the 

corners of the panels which are divided on the surface are simulated, and then the distribution of 

catch ratio is acquired by a reconstruction method. As a demonstration, catch ratio results by FPM 

in typical flow fields are presented, including the case of the three-dimensional flow field of 

power-law velocity profile, and cases of the flow around two- and three-dimensional low-rise 

buildings. The FPM results are compared with these calculated by the classical method and 

literatures. The results indicate that FPM can reduce the calculation amount of raindrop 

trajectories with equivalent accuracy compared to the classical method. 
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1. Introduction 

  Studies of wind-driven rain (WDR) are 

important in the earth science, building 

science and meteorology [1]. Predictions of 

the WDR distribution can be used for the 

design of catchments, control of water loss 

and soil erosion, as well as guidance for 

agriculture and precaution against the forest 

fire [1]. In building science fields, the WDR 

influences the hygrothermal performance of 

building façades, and may cause surface 

soiling and mold growing, which affect the 

durability of walls [2]. Moreover, the wetting 

of building façades caused by WDR is also a 

boundary condition in building 

heat-air-moisture (HAM) transport models [3]. 

  Two parameters utilized to quantify the 

amount of WDR are the specific catch ratio 

and catch ratio [4]. Measurements, 

semi-empirical methods and numerical 

methods are main approaches in building 

WDR researches. Blocken and Carmeliet [1] 

reviewed the application of these methods. 

Compared with measurements, numerical 

methods are easier to perform and consume 

less time. Besides, numerical methods are not 

confined to weather conditions, which are 

basic requirements for measurements. On the 

other hand, numerical methods can provide 

more accurate results compared with 

semi-empirical methods. Hence, numerical 

methods are widely used in building WDR 

researches. 

  Currently, numerical methods for WDR are 

based on the Euler-Lagrange model or the 

Euler-Euler model. The principle of the 

Euler-Lagrange model is to calculate the 

motion of discrete raindrops in continuous 

wind flow field. Early in 1970s, researches 

have been performed in simulating the 

raindrop trajectories in flow field around 

buildings [5]. In the early 1990s, Choi [6, 7] 

systematically proposed the numerical method 

for building WDR simulation based on the 

Euler-Lagrange model. This method is on the 

basis of steady flow field, and the raindrop 
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