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Abstract−− The polar distribution of wall pres-
sures in cross flow through a cell of four cylindrical 
tubes inclined at different angles 30o≤α≤90o was ex-
perimentally studied using flow air at near atmos-
pheric pressure flowing at a maximum velocity of 
30.8 m/sec (2200≤R ≤6100).  The experiments show 
that the pressure coefficient is strongly influenced by 
the inclination angle. For perpendicular cross flow, 
the experiments were compared with those obtained 
from potential flow theory showing poor agreement. 
A model based on the curvature of the stream lines 
in the gap between bars agrees very well with the 
pressure coefficient at the gap. 
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I. INTRODUCTION 
Any solid obstacle immersed in a flow generates a resis-
tance, which cannot be correctly predicted unless the 
separation of the boundary layer on the wall in the rear 
of the obstacle is considered. Boundary layer theory 
predicts accurately the point of separation, but fails in 
calculating the wall pressure profile, which is responsi-
ble for the drag force. The problem of separation of 
boundary layer in gas flow received the attention of 
researchers for many years (Prandtl, 1952), mostly in 
aerodynamic research related to the development of 
aviation industry (Wu and Chen, 2000). Turbine gas 
generators have introduced several interesting issues, 
such as flow around tubes and cross flow through tube 
bundles amongst others. Flow around different tube 
configurations has also applications in nuclear industry, 
especially in advanced gas cooled reactors. A careless 
fluid dynamic design of fuel elements might lead to 
flow induced vibrations affecting normal behavior of 
the core structure (Kishor et al., 2006). Therefore the 
understanding of gas dynamics around fuel bundles and 
the generation of experimental data to support design 
are important issues (Fahmi et al., 1989). 

The general problem of flow across circular cylin-
ders is a well known problem of fluid dynamics. A good 
review can be found in Zdravkovich (2003). The issue 
was extensively studied in surface flow for its applica-
tions in support columns of river bridges. For internal 
flow, the studies were aimed mainly to heat exchangers. 
Fornberg (1991) analyzed the incompressible cross-flow 
past a row of circular cylinders. Williamson (1988, 

1992) investigated the three-dimensional transition of 
the flow behind a circular cylinder. Schewe (1983) 
found that the drag coefficient and the vortex shedding 
frequency are not sensitive to the Reynolds number 
within the subcritical regime (300<Re<3x105). A num-
ber of numerical calculations of the cross-flow around 
cylinders were presented in 2D and 3D geometries. An 
updated review of these studies can be found in Zhao et 
al. (2009). 

In numerous applications, such as the flow past ca-
bles, subsea pipelines and heat exchangers, the direction 
of the flow is not strictly perpendicular to the cylinder 
axis. This kind of flows can be ideally represented by a 
wake flow downstream of a yawed cylinder. Flows past 
a yawed cylinder have been studied by a number of in-
vestigators both experimentally and numerically (Zhao 
et al., 2009; King, 1977; Thakur et al., 2004; Chiba and 
Horikawa, 1987; Marshall, 2003; Lucor and Karniada-
kis, 2003; Kim et al., 2006; Fowler and Bejan, 1994). 
Experimental results showed that, for an isolated long 
cylinder, the drag coefficient normalized by the velocity 
component perpendicular to the cylinder, are approxi-
mately independent on the yaw angle. In case of flow 
past a yawed cylinder of finite length, it was shown that 
the wake vortices far from the upstream end of the cyl-
inder are approximately parallel to the cylinder. The 
vortices near the upstream end of the cylinder are 
aligned at an angle larger than the cylinder inclination. 

In this article, the distribution of wall pressure 
around a bundle cell three tubes with different inclina-
tions to the flow was experimentally and theoretically 
studied. Gas flow around rod bundles similar configura-
tions were studied in the past (Peybernès, 2005; Zdrav-
kovich, 2003), although pressure profiles on the wall 
tube were not reported in the open literature for such 
bundles. 

II. EXPERIMENTAL SETUP AND METHOD 
The experimental setup consists of a rectangular chan-
nel. Air is forced, by an axial compressor, through a set 
of cylindrical bars at variable controlled inclination. The 
flow is homogenized by means of three metallic grids in 
the inlet section (Fig. 1).  

The uniformity of the velocity profile was verified 
measuring its local value in the cross section by means 
of a hot-wire anemometer. 

The flow in the test section (Figs. 2a, 2b) is forced 


