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In this paper, the wind pressure distribution on the vanous faces of two prismatic bodies with square cross-section il
height to width ratio (//b) of 1 and 3 are investigated. The mutual interference eflects when the bodies are e tandem
arrangement are considered. The pressure distribution is significantly altered when the interfering hody (either 126 = 1o 8

15 in front.

Buildings can be wusually considered as  three-
dimensional in nature as they have finite length to
width ratios and height to width ratios. Further, they
usually have sharp edges and are earth bound. Hence
results of wind pressure distribution on prismatic
bodies which act as scaled models can be used to
obtain the wind loading on such structures. When a
structure has a height to width ratio (i/b) of less than
3, it is considered as a low-rise structure and when
(h/b) is greater than 3, as a high-rise structure'. The
distribution and magnitude of wind pressures on the
various faces of a building can be expected to be
strongly dependent on the approach flow conditions,
building geometry und the relative dimensions.
Another aspect, which would significantly influence
the wind loading on any structure, is  the
“interference’ effects.

There are  several investigations  which  deal
with the measurement of wind loads on buildings
exposed to different approach conditions. Several
researchers'™ have investigated the wind pressure
distribution on the various faces of three-dimensional
prismatic bodies of different sizes and also exposed 1o
different wind conditions. Meroney” has reviewed the
flow around simple rectungularly  shaped  bodies
obtained from wind tunnel studies of mean surface
pressure patterns and  has suggested the need 1o
accurately document the pressure measurements on
the surface of buildings of different sizes exposed to
different approach flow conditions,

As mentioned carlicr. interference effects of one
building located in the vicinity of another can be
expected to significantly influence the wind pressure

distribution.  In practical  situations,  such

“interference’ quite
importance is highlighted by Kareem'. Gowda and
Sitheeq™ have investigated the interference effects o
the wind pressure distribution on a prismatic body
with /b = 3 exposed to mild and high shear velocin
profiles. In another study. Gowda and Sitheeq' have
described the interference effects on twao low-rise (/i/h
= 1) and two high rise (/b = 5) bodies in tandem
arrangement. Recently, Gowda er al.'" have stdied
the influence of buildings ol different herghts (i/h = |
and 3) arranged one behind the other

oceurs commonly - and - oats

The present mvestigation 1s o contmuabion ol the
above  series ol experiments 1o
understand and bring out the severity of interference
effects on the wind loads on huildings, Hereo hodies
with square cross-section and height o width (h/b)
ratio 1 and 3 are used. The sizes chosen belong 1o
low-rise category and ure
building uacrodynamics problems. Two cases hine
been considered:

svstemiticlly

relevant  too practical

I When the body with Ii/b = 1 is the principal bods
(PB: provided with pressure taps) and body with
/b = 3 is the interfering body (1B- dumimy bhody
without pressure tiaps).

2. When the body with /b = 3 15 the Pl and the
other one (h/h = 1) is the 1B,

In each case IB 1s located both i front and belind
the PB and the gap between the two s
systematically. The study 18 carried  our tor an
approach velocity profile saustyving the /7
law. which corresponds (o open country e

vinred

powe
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Experimental Procedure

The measurements are carried oul in the low-speed,
straight-through, suction-type wind tunnel of our
laboratory. The layout of the wind tunnel is shown in
Frg.l. It 15 essentially the same as that used earlier.
Air enters the test section after passing through a bell
mouth entry, a honey comb, a settling chamber, with
three screens and a smooth contraction (contraction
ratio 9). The test section i5 600 mm =600 mm and
2125 mm long. This is followed by a transition and a
diffuser with circular cross-section having 5" included
angle. A fan, driven by a 27 kW DC motor, is fixed at
the end of the diffuser.

A shear velocity profile, 500 mm in height (& = 500
mmy; Fig. 2) satisfying a power law with an exponent
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n= /7 1s generated using the method suggested hy
Cowdrey". For this purpose a4 arid made of 10 nun
smooth mild steel rod s made use o This velociy
profile of 300 mm thickness s first realised o o
distunce ol 430 mm from the gird The velocny
profiles at several other down-stream distances from
the grid are measured and found to sausty the 1/7"
power law, te., the shupe of the profile remamns the
same beyond 430 mm from the erdd The fwo
dimensionality of the flow tield m the test section
was examined by measuring the velocity profiles
two span-wise locations on cither side of the centre
150 mm), at a station 950 mm from the grid. The two
profiles are almost  identical.  indicating
dimensionality in the region ol interest of the present
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investigation. Fig. 2 shows the mean velocity profile
measured along a vertical line in the central plane of
the tunnel at the location where the principal body is
placed. The characteristic parameters of the boundary
layer are also given in the figure. For the
measurement of the mean velocity, a standard pitot-
static tube with a tip diameter ol 3 mm was used. A
linearised hot wire anemometry system (DISA 56
CO1 with other accessories) operated in the constant-
temperature mode was used to obtain the turbulent
quantities.

All the models used in the present study are made
out of 10 mm thick plexiglas sheets. Models have
square cross-section (60 mmx6() mm) with sharp
edges. The principal bodies (either i/b = | or 3) have
surface pressure taps (Imm diameter) along the centre
line on all sides (except the bottom) at intervals of §
mm. The model is hollow to facilitate the connection
for pressure taps. The interfering bodies (either h/h =
I or 3) are dummy bodies without any pressure taps.
The models are fixed rigidly at various positions on
the tunnel floor so that they do not vibrate in any way
and also there 1s proper sealing at the bottom where
the models are fixed. The principal body is turned at
90" intervals to measure the pressure distributions on
the various faces. The pressure taps are connected
through PVC tubings to the various ports of a
scanning box (FCO91; make: Furness Controls, UK)
which are in  turn  connected to a digital
micromanometer (FCO12) with an accuracy of 0.01]
mm water column.

During measurements, the tunnel wall-static
pressure at a point 200 mm behind the grid is
continuously monitored using a Betz manometer. As
mentioned in the introduction, for the study of
interference effects, two cases are considered when
(i) the body with /b = 1 is the principal body (PB)
and the body with #/b = 3 is the interfering body (IB)
(1i) the body with /i/b = 3 is the PB and the other (Wb
= 1) is the 1B, in tandem arrungement. In each case 1B
is located both upstream and downstream of the PB
and the spacing ratio (G/b when IB is in front: G'/b
when 1B is at the rear; Fig.1) is varied systematically.
The blockage ratio, defined as the frontal area of the
model to the cross-section ol the tunnel section, 15 3%
for the taller model. Since tandem arrangement is
used in this investigation, the blockage is not
expected to be higher m cases with interference. No
correction, however, has been made for blockage. All
the tests ure carried out at a tunnel free-stream

velocity of 17.5 m/s. At this velocity, the Revnolds
number, referred to the width of the body. is 7%10°
For the type of the bodies tested. there is hardly uny
influence of the Reynolds number’ since the positions
of the separation lines are fixed and the results
presented are applicable to practical situations The
pressures are measured along the centre hne on all
faces of the body and the varation of the pressure
coefficient is determined. Pressure measurements on
the principal body without any terference are ualso
carried out. As mentioned earlier, the 1/7" power law
velocity profile was achieved at a distance of 430 mim
from the grid rods. Keeping this in view, the PB s
located at a distance of 950 mm from the arid so that,
even for the highest value of G/, viz. 8. the
interfering body 1s located farther than 430 mim from
the grid and is in the region where 1/7" power law
profile is valid. The maximum uncertaimty with 20:|
odds in the values of Cpois estimated (usimg standurd
methods) to be 1.4 %.

Results and Discussion
The results are presented i terms ol the pressure
coefficient (Cp) which 1s defined as

R
(‘;- . h |

1513
il U.fl

where P s the pressure al any point on the body.
is the free stream reference stiatic pressure bets
reading, U, is the velocity in the undisturbed flow
(i.e., without the presence ol the bodies) ar the
principal body height and Y2 p /," is the dynamic
pressure in the undisturbed flow. To bring out the
effects of interference. measurements with sinele
body were also carried out. It is to he noted that the
bodies are placed such that one of their faces s
normil to the flow, The co-ordinate used are v, 700
is measured along the flow direction, v is normal 1o
the flow in the vertical direction and = 15 along the
binormal to the flow in the horizontal direction.

Case (i) Body (PB) with Ju/h = |

(a) IB in front of PB

The € distribution on various luces of PR due 1o
the presence of IB at various upstreim posiions 15
shown in Figs 3a and 3b. It is observed that when the
two bodies are close to each other (G/h = 2y, the ()
on the front face (Fies. 3a-A and 3b-A") 18 necative in
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both vertical and horizontal directions e, y und z
directions. Cp values are negative in y direction
(Fig. 3a-A) for G/b = 3 also. The pressure distribution
tends towards the no-interference values as the gap
ratio increases. But even at G/b = 8, the pressure
coefficient is only half of that for the single body case
in magnitude m both y and z directions. On the top
surface (roof) for G/b = 2. the € values in both x and
z directions are less negative than those for the no-
interference case (Figs 3a-B and 3b-1)). As the
distance between the two bodies increases, gradients

reappear as for the no-interference case. Interference
effects on the rear face are marginal in both y and 2
directions (Figs 3a-C and 3b-C’) at all G/bh ratios. 1t is
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interesting to note that at G4 = 2000 the ()
distributions on both rear and  lront  laces e
considered,  the resultant  foree  ndicates  the

possibility ol a negative drag or thrust foree. There s
considerable influence on the side surlace also due o
interference (Figs 3u-D and 3b-B). In the vertical
direction (Fig. 3u-D) the trend in ¢, distrthution is
similar to that of the no-interference case. Bur i v
direction  (Fig.3b-B"),
distribution for G/b = 2 and 3 s seen. Lven wath
further increase in the gap rato (G, the € values

Almost  constant  pressine

over a considerable portion of the side surface remam
different from the no-interference valuus,
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(b) IB behind PB

Figs 4a and 4b show the interference effects on the
various faces of the PB when the IB is placed at
various distances behind it. The results indicate that
there is no changes in Cp with gap on the front face
(Figs 4a-A and 4b-A"). The influence is appreciable
on other faces. At G'/b=2 pressure rises steeply near
the base on the rear face (Fig. 40-C) suggesting that
the flow may be deflected on to the face of the PB
due to the IB. As G'/h increases. the Cp distribution
on the surface tends towards that for the single body
case. On the side surface (Figs 4a-D and 4b-B”) the
pattern in Cp distribution is similar to that for the no-
interference case in y and z directions. On the roof,

(Figs.4a-B and 4b-D’), there is o pressire mereise
resulting in lower suction pressure lor (7/h=2. As
G/b  increases,  Cp  distribution
towards the single body case wm both v
directions.

tends
and 2

araduilly

Case (ii) Body (PB) with i/h = 3
(a) IB In front of PB

The Cp distribution on all faces of PB when IB st
various distances i front of it is given in Figs Sa and
5b. On the front face (Fig, 5a-A), it is observed that
due to interference, there 15 a decrease m the ()
distribution at lower vw/h values (v < 150, The ¢,
values remain  almost unchaneed at yarous  G/Zb
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values for the remaining height of the body. As G/b
increases, Cp values merease and tend towards the no-
interference case. It is seen that there is only a hitle
effeet due to interference on the Cp in the z direction
as seen from Fig.5b-A’. On the rool (Figs 5a-B and
Sh-1)) the suction pressures reduce considerably for
G/b = 2 and 3. As the gap ratio (G/b) increases the
suction pressure also increases, On the side surface
(Fig. 5a-D), there is a steep gradient at lower values
of G/b (2 and 3) up to v/h of 0.4 und a mild gradient
beyond that. As G/b increases, the gradient becomes
mild on both the top and bottom parts of the side face,
tending towards the no-interference  case. The
interference effects on the rear and roof faces though

present are only murginal compared 1o other Fices
(Figs 5a-C and 5h-C").

(h) IB behind PB

The pressure distribution on all faces ol the PEB due
to the presence of 1B of i/b=1 at viinous downstreant
positions 1s shown in Figs 6a and Gb, Though there s
almost no effect of G'7b on the virtation ol pressure
distribution on the front lace of the PB (Fies Gu-A
and 6b-A") the values ol €5 with mterference e
slightly lower than those without the mterference. On
the roof there 1s a reduction m the suction pressure
low values of G7h (Figs 6a-B and 6h-D7). Ax the cap
ratio (G7b) increases, there is a shight chunge i
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suction pressure but it is still less, compared to the
single body case. The Cp distribution on the rear and
the side surface in y direction is slightly affected by
the IB when it is very near the PB (Figs 6a-C and
6a-D); however as G/h increases the Cp distribution
tends towards the no-interference case. But in the z
direction it remains almost unaffected at various
values of G'/b (Figs 6b-C” and 6b-B’).

The tentative physical explanation for the observed
features mentioned above is as follows. For the case
when the body with /i/b = | is the PB and the 1B (h/b
= 3) is in front, the shear layers that separate from
the upstream 1B interact with the PB. When G/b is
small (=2), the PB would be completely enveloped by

those shear layers and probably this 1s the reason for
the uniformly negative pressures that occur on all the
faces of the PB. As G/b icreases (c.g. al G/ = 3),
there will be reattachment of the separated shear
layers from the upstream body on to the top of the
downstream body which would alter the pressure
distribution on the roofl. With further mercase in G/b.
these shear layers would reattuch on to the front face
of the rear body or on the ground plane in front of the
PB. This reattachment process can be expected 1o he
influenced by two factors (i) the turbulence in the
approach flow and (ii) the presence of the PB itself
which might alter the shape of the shear lavers
separating from the IB. The process appears to he
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quite complex and because of this reason it is difficult
at present to explain exactly the pressure gradients
seen on the roof (Fig. 3a-B).

For the case when the IB is at the rear of the PB,
the wake behind the later, particularly when the
former is very close (G'/b=2 and 3) is considerably
affected. Due to the presence of the IB a strong
pressure gradient near the ground plane can be
expected, which would push the vertical flow behind
the shorter body to its sides. The marked changes in
the pressure distribution observed at the lower values
of G/b on all faces (excepting the front face) in
Figs.4a and 4b, could be atiributed to this. The
change is particularly striking on the rear face at
G'/b=2, (Fig. 4a-C). As the distance increases beyond
G'/b = 3, the reattachment of the flow behind the PB
cuan be expected to take place in a fashion very similar
to that for the single body case, with only marginal
influence of the 1B.

When the body with /b = 3 is the PB, the
interference due to the IB kept ahead of PB is
concentrated closer to the ground plane on the front

INDIAN J, ENG. MATER. SCL., DECEMBER 1999

face (Fig.5a-A). The horse-shoe vortex system in the
front of the PB and the general flow field around
would be affected by the shorter bady n front
resulting in the changes in pressure distribution seen
for y/h<0.5 (Fig.5a-A). When the 1B s at the rear,
there is no significant effect on € on the front face. It
1§ interesting to note that the € disteibution on the
roof of the PB and its rear affected by
interference. This might be due to the influence of the
IB on the shear layers separating from the wop of the
tall body.

ure

Maximum Values of €

The maximum values of Cp (1o Cp o0 s al
interest from the point of view of loads on the faces,
Cp e values on the various faces for the 1wo cises
considered are shown in Figs 7 and 5. Considermg
the case shown in Fig. 7, it i~ observed that
appreciable difference occurs on the tront face
(Fig. 7a), when IB is located in front of PR. Rool is
affected marginally at various G/h o GY/h ratios
There 1s some interference etfects on the front face
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(Fig. 7a) when IB is at rear of the PB. Interestingly
the Cpu values on the side surface  show
considerable difference for this condition (Fig. 7d)
even at G/b = 8. As far as the rear face is concerned.
interference effects are small (Fig. 7¢) at various G/b
or G'/b ratios.

Considering case shown in Fig.8. there is only
marginal influence on C . values on all the faces
except on the rear luce, both when IB is in front or
behind the PB.

Conclusions
From the results
conclusions are drawn:
I Due to the shielding effect of the front body there
is the beneficial influence seen in the reduction of
the suction pressure compared to the single body
case on the roof, sides and the rear, when the two
bodies are close to each other. The magnitude of
reduction depends on both /b and G/b values,

presented,  the following
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The body with /b =1 can experience o negative
drag force when it is in close proximity (/b =2
and 3).

2 When the body is in front, the pressure on the
front face of the body (/i/b=1) hecomes fully
negative for small gap between the bodies. The
interference effects persists even at large gaps
between the bodies.

i When the interfering body is behind the principal
body. the pressure distribution on the front face
for both bodies (/b = | and 3) remain almost
same at all G/b ratios tested. But appreciable
differences occur on other faces.
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