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Ex per i men tal in ves ti ga tions in fluid flow and heat trans fer have been car ried
out to study the ef fect of wall prox im ity due to flow sep a ra tion around square
prisms. Ex per i ments have been car ried out for the Reynolds num ber 4.9·104,
block age ra tios are 0.1, 0.2, 0.3 and 0.4, dif fer ent height-ra tios, and var i ous
an gles of at tack. The static pres sure dis tri bu tion has been mea sured on all
faces of the square prisms. The re sults have been pre sented in the form of
pres sure co ef fi cient, drag co ef fi cient for var i ous height-ra tios and block age
ra tios. The pres sure dis tri bu tion shows pos i tive val ues on the front face
whereas on the rear face neg a tive val ues of the pres sure co ef fi cient have been 
ob served. The pos i tive pres sure co ef fi cient for dif fer ent height-ra tios does
not vary too much but the neg a tive val ues of pres sure co ef fi cient are higher
for all points on the sur face as the bluff body ap proaches to wards the up per
wall of the wind tun nel. The drag co ef fi cient de creases with the in crease in
an gle of at tack as the height-ra tio de creases. The max i mum value of drag co -
ef fi cient has been ob served at an an gle of at tack nearly 50° for square prism
at all height-ra tios. The heat trans fer ex per i ments have been car ried out un -
der con stant heat flux con di tion. Heat trans fer co ef fi cients are de ter mined
from the mea sured wall tem per a ture and am bi ent tem per a ture, and pre sented 
in the form of Nusselt num ber. Both lo cal and av er age Nusselt num bers have
been pre sented for var i ous height-ra tios. The vari a tion of lo cal Nusselt num -
ber has been shown with non-di men sional dis tance for dif fer ent an gles of at -
tack and block age ra tios. The vari a tion of av er age Nusselt num ber has also
been shown with dif fer ent an gles of at tack for block age ra tios. The lo cal as
well as av er age Nusselt num ber de creases as the height-ra tio de creases for
all non-di men sional dis tance and an gle of at tack for square prisms. The av er -
age Nusselt num ber for square prisms of dif fer ent block age ra tio var ies with
the an gle of at tack. But there is no def i nite an gle of at tack at dif fer ent block -
age ra tio at which the value of av er age Nusselt num ber is ei ther max i mum or
min i mum. 

Key words: flow separation, square prism, blockage ratio, height-ratio,
angle of attack, pressure coefficient, drag coefficient, nusselt
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Introduction

Many in ves ti ga tions have been car ried out for heat trans fer by forced con vec tion 
be tween the ex te rior sur face of bluff bod ies such as spheres, cyl in der, and square, tri an -
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gu lar and rect an gu lar prisms. The im por tant char ac ter is tics of flow over a bluff body lie
in the na ture of the bound ary layer. As the stream lines pass over a bluff body, sep a ra tion
takes place due to ex ces sive loss of mo men tum at ad verse pres sure gra di ent from a point,
which is not far from the lead ing edge of the bluff body. The study of fluid flow and heat
trans fer from a bluff body is im por tant in num ber of fields such as heat exchanger, gas
tur bine blades, hot wire anemometry and cool ing of elec tronic equipments, ve hi cle aero -
dy nam ics, and build ing aero dy nam ics. This re search is also use ful for val i da tion of nu -
mer i cal codes for cal cu la tion com plex flows with huge experimental database on drag
force and heat trans fer.

By ex ten sive search of lit er a ture it is re vealed that fluid flow over dif fer ent
shaped bluff bod ies like square, tri an gu lar, cir cu lar, rect an gu lar, and tor oids has been in -
ves ti gated thor oughly [1-8]. Igarashi [5] has in ves ti gated the flow char ac ter is tics around
a square prism at an an gle of at tack (0° £ a £ 45°) in the range of subcritical Reynolds
num bers. The flow char ac ter is tics can be sub di vided ac cord ing to the mag ni tude of an gle
of at tack (1) 0° £ a £ 5°: per fect sep a ra tion type sym met ric flow, (2) 5° £ a £ 13°: per fect
sep a ra tion type, unsymmetric flow, (3) 14° ~ 15° £ a  £ 35°: reattachment flow type, and
(4) 35° < a £ 45°: wedge flow. The flow pat tern is closely re lated to the r.m.s. value of
fluc tu at ing pres sure. Lit er a tures are also avail able for heat trans fer from dif fer ent geo -
met ric shaped bluff bod ies at var i ous con di tions like var i ous an gles of at tack and
Reynolds num bers [9-19]. Igarashi [15] have stud ied the lo cal as well as av er age heat
trans fer from a square prism to an air stream in the range of subcritical Reynolds num ber.
He has ob served that the av er age heat trans fer has a min i mum value at an an gle of at tack
(a) equal to 12-13° and a max i mum value at a = 20-25°. From the var i ous lit er a tures it
ap pears that the ex per i men tal in ves ti ga tions on fluid flow and heat trans fer stud ies con -
sid er ing the wall ef fect (i. e. by vary ing the dis tance from the wall) with dif fer ent an gles
of at tack as well as dif fer ent lo ca tions on square prisms have not been ad e quately cov -
ered. In the pres ent work ex per i men tal in ves ti ga tions are car ried out to de ter mine the
pres sure and drag co ef fi cients from the mea sure ment of the pres sure dis tri bu tions around
the square prisms and the av er age heat trans fer rates from the prism as in flu enced by (1)
Reynolds num ber, (2) angle of at tack, (3) blockage ra tio, and (4) ratio of the dis tance of
the cen troid of the bluff body from the up per wall to the height of the test sec tion in the
wind tun nel.

Experimental technique

The sche matic di a gram and the pho to graphic view of the ex per i men tal set-up are
shown in figs. 1 and 2, re spec tively. The ex per i men tal set-up con sists of wind tun nel
driven by an ax ial flow fan; the wind tun nel is on the pres sure side of the fan and the model 
within the test sec tion of the wind tun nel. The ex per i ment has been car ried out in a low
speed wind tun nel with a work ing sec tion 300 mm high, 150 mm wide, and 800 mm long.
The test model has been fit ted along the width of the test sec tion. There is a slot ting ar -
range ment along the side wall of test sec tion of the wind tun nel for lift ing the bluff body
from the cen ter to wards the up per wall of the wind tun nel to in ves ti gate the wall ef fect on
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fluid flow and heat trans fer char ac ter is -
tics. The ap proach ve loc ity of the un dis -
trib uted flow has been mea sured by a
Pitot tube. The Pitot tube has been
placed in side the wind tun nel fac ing the
di rec tion of air flow. A pro trac tor is at -
tached with the bluff body and is fit ted
at the side wall of the wind tun nel to
mea sure the an gle of ro ta tion of the
bluff body. The bluff body rests on the
both sides of the side wall of the wind
tun nel by a hol low mild steel pipe from
the ex ten sion of the in side of the bluff
body. The square prisms for the fluid
flow ex per i ment are made of perspex
sheet of 2.5 mm thick ness. The side of
the  four  prisms are of  30,  60,  90, and 120 mm and the length of the prisms are 140 mm.
On each face of the 30, 60, 90, and 120 mm side prism, in the mid-span of the prism are
drilled 5, 6, and 4 holes each of 1 mm di am e ter, respectively. The po si tion of the holes on
each face of the prisms are for 30 mm side prism: 5, 10, 15, 20, and 25 mm (x/a = 0.167,
0.333, 0.5, 0.667,  and 0.833); for  60 mm  side  prism: 5, 15, 25, 35, 45,  and 55 mm (x/a =
= 0.083, 0.25, 0.417, 0.583, 0.75, and 0.917 ); for 90 mm side prism: 5, 20, 35, 50, 65, and
80 mm  (x/a = 0.056, 0.222, 0.389, 0.556, 0.722, and 0.889), and for 120 mm side prism: 5,
35, 80, and 110 mm (x/a = 0.042, 0.292, 0.667, and 0.917) from the edge of each face.
Stain less steel tubes of 1 mm out side di am e ters are fit ted in these tap ping and they are con -
nected to a multitube ma nom e ter by flex i ble tubes for mea sure ment of static pres sure dis -
tri bu tion. The  mea sure ments  are  taken  for the fol low ing pa ram e ters: (a) an gle of at tack
a = 0-85°, (b) block age ra tio a/H = 0.1, 0.2, 0.3, and 0.4, (c) height ra tio y/H = 0.5, 0.350,
0.217, 0.167, and 0.083, and (d) Reynolds num ber = 4.9·104.
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Figure 1. Schematic diagram of the experimental set up
(1) upper wall of the wind tunnel; (2) square prism (BC = a)

Fig ure 2. Pho to graphic view of the 
ex per i men tal set up



The heat trans fer ex per i ment has been done un der con stant heat flux con di tion.
Con stant heat flux con di tion has been main tained by sup ply ing elec tri cal power to the heat -
ing foils. The square prisms of heat trans fer ex per i ment are made of bakelite. Suf fi cient in -
su la tion has been pro vided to min i mize the heat loss. Stain less steel foils of 0.03 mm thick -
ness have been used for the pur pose of pro duc ing con stant heat flux. The foils are pol ished
to min i mize the heat loss due to ra di a tion. The foils are con nected with cop per strip on both
sides through which the power is sup plied. The pur pose of the pres ent in ves ti ga tion is to
mea sure the lo cal wall tem per a ture dis tri bu tion at steady state con di tion at dif fer ent points
for cal cu la tion of lo cal as well as av er age heat trans fer co ef fi cient and Nusselt num ber. Cal -
i brated cop per-con stan tan thermocouples on 30, 60, 90, and 120 mm side prism are em bed -
ded on each face in 2, 3, 4, and 4, re spec tively. The po si tions of the thermocouples  on  each  
face  of   the  prisms are  for  30  mm  side  prism: 10 and 20  mm  (x/a  = 0.333, 0.667); for 60 
mm side prism: 20, 30, and 40 mm (x/a = 0.333, 0.5, and 0.667); for 90 mm side prism: 15,
35, 55, and 75 mm (x/a = 0.167, 0.389, 0.611, and 0.833); and for 120 mm side prism: 15,
45, 75, and 105 mm (x/a = 0.125, 0.375, 0.625, and 0.875) from the edge of each face. The
cop per-con stan tan ther mo cou ple beads are sol dered at the rel e vant points on the stain less
steel foils. Since the size of the ther mo cou ple beads (d = 0.5 mm) are very small, so the tem -
per a ture dif fer ence be tween the plate and sur round ing air is also very small (in the or der of
22-30 °C). So, the er ror in the tem per a ture mea sure ment is also likely to be very small. This
is a widely used tech nique for tem per a ture mea sure ment for con stant heat flux con di tion.
The ther mo cou ple wires are brought out through one end-side of the prism and con nected
to a dig i tal mi cro-volt me ters via a se lec tor switch. There is an ar range ment for giv ing
power sup ply to dif fer ent faces of the prism through a vari able trans former so that the ex -
per i ment can be con ducted for dif fer ent heat in puts. Volt me ters and am perme ters have
mea sured the volt age drop and cur rent across the stain less steel foils, re spec tively.

Results and discussions

Fluid flow characteristics

The flow char ac ter is tics around a square prism have been stud ied by mea sur ing
the pres sure dis tri bu tion on dif fer ent faces of the prism. From the re sults it is ob served
that the pres sure dis tri bu tion var ies with the size of the prism as well as with the po si tion
of the bluff body with re spect to the up per wall. It has been found that the pres sure dis tri -
bu tion var ies con sid er ably with the an gle of at tack. As the air flows over the prism, the
front faces show pos i tive pres sure co ef fi cient and the flow sep a ra tion oc curs at the rear
face caus ing neg a tive pres sure co ef fi cient. For de ter mi na tion of pres sure co ef fi cient Cp,
the pres sure dif fer ence p – pa has been non-dimensionalised by di vid ing with 0.5 rau

2 of
the air. Fig ures 3 to 10 shows the vari a tion of pres sure co ef fi cient with non-di men sional
dis tance at dif fer ent height-ra tio (i. e. y/H = 0.5, 0.350, 0.217, 0.167, and 0.083). The
value of  the Reynolds  num ber  is  taken as  4.9·104 in all plots. For, fig. 3  (a = 0°,  a/H =
= 0.1) the value of pos i tive pres sure co ef fi cient is al most same for all points of the sur face 
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for dif fer ent y/H. The max i mum value of pos i tive Cp is found more or less at the mid dle
point of the front face of the prism (i. e. the face in front of the di rec tion of the flow at a =
0°). The neg a tive pres sure co ef fi cients are less for y/H = 0.5 than y/H = 0.083. The val ues
of (–ve) Cp for y/H = 0.350, 0.217, and 0.167 are more or less same for al most all points
on the sur face. For, fig. 4 (a = 30°, a/H = 0.1) the pos i tive Cp is very slightly higher or al -
most same for lesser value of y/H at dif fer ent points. The neg a tive Cp is higher for de -
creas ing value of y/H. The flow re at taches at the lower side face for a = 30°, gives pos i -
tive value of Cp. Fig ure 5 shows the vari a tion of pres sure co ef fi cient in dif fer ent faces of
square prism at var i ous height-ra tios (y/H = 0.5, 0.350, 0.217, and 0.167) for block age ra -
tio a/H = 0.2, at Re = 4.9·104, the val ues of (+ve) Cp are al most same for all y/H and neg a -
tive val ues of Cp are greater at lesser value of height-ra tio. For a = 30° (fig. 6) the neg a -
tive value of pres sure co ef fi cient has a mark edly dif fer ence for all points of pres sure
tap ping with the de creas ing value of height-ra tio. Fig ures 7 and 8 shows the plot of Cp vs.
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Figure 3. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.1,
a = 0°)

Figure 4. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.2,
a = 30°)

Figure 5. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.2,
a = 0°)

Figure 6. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.2,
a = 30°)



x/a for a/H = 0.3, Re = 4.9·104 where a = 0° and 30°, re spec tively, at dif fer ent height-ra -
tios. For, fig. 7 (a = 0°) and fig. 8 (a = 30°) the pos i tive val ues of Cp are al most same for
dif fer ent val ues of y/H but the neg a tive value of that are higher for y/H = 0.350 than y/H =
= 0.5. At a = 0° and 30° the pres sure dis tri bu tion for dif fer ent height-ra tio on dif fer ent

faces of the prism are shown in figs. 9 and 10 for a/H = 0.4 and Re = 4.9·104. For a = 0°
and 30° the pos i tive and neg a tive val ues of Cp are slightly higher at al most all points of
the sur face for y/H = 0.350 than y/H = 0.5 but at some points the val ues of Cp are greater
for y/H = 0.5 than y/H = 0.350.

Drag force (FD) has been cal cu lated by in te grat ing the pres sure dis tri bu tion in
the di rec tion of air flow on the four faces of the square prism. For cal cu la tion of drag co -
ef fi cient CD, the drag force FD has been di vided by 0.5rau

2A, where A is the sur face area 
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Figure 8. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.3,
a = 30°)

Figure 9. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.4,
a = 0°)

Figure 10. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.3,
a = 30°)

Figure 7. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.3,
a = 0°)



of the bluff body. Fig ures 11-14 shows the vari a tion of drag co ef fi cient (CD) with the
an gle at at tack a for  dif fer ent  height-ra tio y/H at Re =  4.9·104 where a/H = 0.1, 0.2,
0.3, and 0.4, re spec tively. From fig. 11 it is seen that for all y/H, CD is max i mum at an
an gle of at tack of 50°, it in creases from 0-50° and then de creases from 50-85°. It is also
ob served that as the value of y/H de creases, the value of CD also de creases for all an gles
of at tack, i. e. when the body has been ap proach ing to wards the up per wall the value of 
drag co ef fi cient de creases. In fig. 12, the value of CD is max i mum at a = 40° for  y/H = 
= 0.5 and 0.350 and at y/H = 0.217 and 0.167, CD is max i mum at a = 50° and the value

of CD  de creases  as  y/H  de creases. Fig ure 13 shows  CD vs. a  graph  at  a/H = 0.3 and
Re = 4.9·104. Com par i son for two height-ra tios (i. e. y/H = 0.5 and 0.350) is shown
here. The max i mum value of CD have been ob served at a = 50° and the graph in crease
from 0 to 50° and then de creases from 50 to 85°. Fig ure 14 shows the vari a tion of CD
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Figure 12. Variation of drag coefficient with 
angle of attack at different height-ratios of a 
square prism (a/H = 0.2)

Figure 13. Variation of drag coefficient with 
angle of attack at different height-ratios of a 
square prism (a/H = 0.3)

Figure 14. Variation of drag coefficient with 
angle of attack at different height-ratios of a 
square prism (a/H = 0.4)

Figure 11. Variation of pressure coefficient
with non-dimensional distance at different
height-ratios of a square prism (a/H = 0.1)



with a for dif fer ent y/H at Re = 4.9·104 at a block age ra tio = 0.4. Here also max i mum
value of CD have been ob served at a = 50°.

From the plot be tween pres sure co ef fi cients vs. non-di men sional dis tance, it is
ob served that as the body ap proaches to wards the up per wall, the neg a tive pres sure co ef -
fi cient as well as the plot from drag co ef fi cient vs. an gle of at tack, the drag co ef fi cient de -
creases. It is due to in ter ac tion with the bound ary layer on the up per wall of the wind tun -
nel, the stream line pat tern changes and the area un der the sep a ra tion zone at the rear side
as well as the up per face of the bluff body (i. e. square prism) de creases.

Also, from the plot CD vs. an gle at tack, it is ob served that the value of CD is max -
i mum at an an gle of at tack a = 50°, be cause in that ori en ta tion the area of the bluff body
(i. e. square prism) is un der max i mum sep a ra tion zone.

The un cer tain ties in Re and Cp have been cal cu lated fol low ing the method given
by Kline and McClintock [21] and found to be within the range of ±3.13% and ± 4.25%,
re spec tively, in this in ves ti ga tion.

Heat transfer

In for ma tion re gard ing the heat trans fer rate from the bluff bod ies are of in ter est
to the de sign ers in en gi neer ing prac tice. In the pres ent in ves ti ga tion, ex per i ments have
been con ducted for var i ous sizes of the square prisms for gen er at ing this in for ma tion un -
der con stant heat flux con di tion. Heat flux has been cal cu lated from the heat in put di -
vided by the sur face area of the heat ing foil. In put heat flux has been cor rected by sub -
tract ing the heat loss per unit area. Heat loss cal cu la tion has been done by us ing the
em pir i cal cor re la tion given by Hossain and Brahma [20]. The side length of the prism has 
been taken as the char ac ter is tics length for the def i ni tion of the Nusselt num ber. Lo cal
and av er age Nusselt num ber have been plot ted for var i ous an gles of at tack, block age ra -
tios, height-ra tios and Reynolds num bers for dif fer ent mod els of square prism. Fig ures 15 
and 16 shows the vari a tion of lo cal Nusselt num ber (Nux) with the non-di men sional dis -
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Figure 15. Variation of local Nusselt
number with non-dimensional distance at
different height-ratios of a square prism
(a/H = 0.1, a = 0°)

Figure 16. Variation of local Nusselt
number with non-dimensional distance at
different height-ratios of a square prism
(a/H = 0.1, a = 30°)



tance  (x/a) at a = 0, and 30°, re spec tively, where Re = 4.9·104 and a/H = 0.1. Fig ure 15
shows val ues of the lo cal Nusselt num ber at all points on the sur face de creases as the
square prism ap proaches to wards the up per wall, i. e. y/H de creases. The na ture of all
graphs (i. e. for all y/H) first in creases very slightly and then af ter wards some times it in -
creases and then de creases. In, fig. 16, at a = 30°, the graph be tween Nux with x/a and the
vari a tion in Nusselt num bers is pre-dom i nant. Fig ures 17 and 18 shows the vari a tion Nux

vs. x/a for y/H = 0.5, 0.350, and 0.217 where Re = 4.9·104 and a/H = 0.2. In fig. 17, the
value of Nux first de creases at x/a = 0.5 and then there is a very sharp in crease and again it
de creases and in creases con tin u ously. In fig. 18, the curve is at first sharply de creases and 
then in creases but at some points (i. e. x/a = 1.667, 1.983, 2.017, 2.333, and 2.5) the graph 
for all y/H are al most straight-line type na ture and then in creases sharply. The value of
Nux at all x/a de creases while y/H de creases i. e. the square prism ap proaches to wards the
up per wall of the wind tun nel.

Fig ures 19 and 20 shows the plot of lo -
cal Nusselt  num ber with non-di men sional 
dis tance for y/H  =  0.5, 0.350, and  0.217 
where  Re  = 4.9·104, a/H = 0.3. For all fig -
ures, the vari a tion of Nux at some points
x/a is quite sharply in creases or de creases. 
In fig. 19, the value of Nux de creases
while height-ra tio y/H de creases but the
vari a tions are very less be tween the
height-ra tios. At x/a = 1.611, the value of
Nux is max i mum for  all y/H. In fig. 20,  (i.
e. a = 30°), the vari a tion of Nux for all y/H
is very less, more over for y/H = 0.5 and
0.350, the val ues of  Nux at all points of
thermocouples are al most same. The val -
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Figure 17. Variation of local Nusselt
number with non-dimensional distance at
different height-ratios of a square prism
(a/H = 0.2, a = 0°)

Figure 18. Variation of local Nusselt
number with non-dimensional distance at
different height-ratios of a square prism
(a/H = 0.2, a = 30°)

Figure 19. Variation of local Nusselt
number with non-dimensional distance at
different height-ratios of a square prism
(a/H = 0.3, a = 0°)



ues of  Nux at x/a  = 2.389 and 3.611 are max i mum. Fig ures 21 and 22 shows Nux vs. x/a
at y/H = 0.5 and  = 0.350  for  Re =  4.9·104,  a/H  = 0.4. In  fig. 21, the value of Nux is 
min i mum at  x/a  = 0.875 for y/H = 0.5 and x/a = 0.625 for y/H = 0.350 and then in -
creases and de creases  mark edly. In  fig. 22, the val ues of  lo cal Nusselt num ber are
min i mum at x/a = 1.0083 and max i mum at x/a = 3.875 for both y/H. For both fig ures,
the val ues of Nux for all x/a are higher for y/H = 0.5 than that of y/H = 0.350.

Av er age Nusselt num bers has been cal -
cu lated by this pro ce dure. Firstly, the value 
of Nux has been in te grated for all four faces 
sep a rately and then added and di vided by
four to get the av er age value of Nua. Fig -
ures 23 and 24 shows the plot of Nua with
var i ous an gles of at tacks a for dif fer ent
height-ra tios where the block age ra tios a/H
are equal to 0.1 and 0.2, re spec tively, and
Re = 4.9·104. The max i mum value of Nua

has been ob served at a = 70° for both fig -
ures. Fig ures 25 and 26 shows the plot of
Nua with dif fer ent an gles of at tacks a for
var i ous height-ra tios where the block age
ra tios a/H are equal to 0.3 and 0.4 re spec -
tively, and  Re = 4.9·104. In fig. 25, the Nua

in creases from a = 0-20° and then de creases up to a = 60° and again the value of Nusselt
num ber in creases. The max i mum value of Nua has been ob served at a = 50° in fig. 26, ex -
cept at y/H = 0.350, the max i mum value oc curs at a = 70°. For all the plots of Nusselt
num ber with an gle of at tack, the av er age value of Nua for all a de creases as the square
prism ap proaches to wards the up per wall i. e. y/H de creases.
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Figure 20. Variation of local Nusselt
number with non-dimensional distance at
different height-ratios of a square prism
(a/H = 0.3, a = 30°)

Figure 21. Variation of local Nusselt
number with non-dimensional distance at
different height-ratios of a square prism
(a/H = 0.4, a = 0°)

Figure 22. Variation of local Nusselt
number with non-dimensional distance at
different height-ratios of a square prism
(a/H = 0.4, a = 30°)



Re gard ing the heat trans fer ex per i ment, the value of lo cal heat trans fer co ef fi -
cient de crease as the body ap proaches to wards the up per wall of the wind tun nel as the
area un der sep a ra tion zone de creases. But it is re ally dif fi cult to ex plain about the char ac -
ter is tics of heat trans fer phe nom ena un der flow sep a ra tion zone. Ba si cally it de pends
upon the be hav ior of the lo cal fluid me chan ics i. e. ve loc ity and static pres sure dis tri bu -
tions at a par tic u lar lo ca tion at that mo ment.

The un cer tain ties in lo cal heat trans fer co ef fi cient and lo cal Nusselt num ber
have been cal cu lated [21] and found to be within the range of ±4.52 % and ±5.25%, re -
spec tively.

 Conclusions

The fol low ing con clu sions can be made for square prisms from the re sults of the
ex per i ments.
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Figure 23. Variation of average Nusselt
number with angle of attack at different
height-ratios of a square prism (a/H = 0.1)

Figure 24. Variation of average Nusselt
number with angle of attack at different
height-ratios of a square prism (a/H = 0.2)

Figure 25. Variation of average Nusselt
number with angle of attack at different
height-ratios of a square prism (a/H = 0.3)

Figure 26. Variation of average Nusselt
number with angle of attack at different
height-ratios of a square prism (a/H = 0.4)



The pres sure co ef fi cient (Cp) shows pos i tive val ues on the front face whereas the 
rear face is within sep a rated flow re gion for all an gles of at tack.

The val ues of pos i tive pres sure co ef fi cients for all block age ra tios are al most it
at all points on the sur face of the prisms at dif fer ent height-ra tios.

The val ues of neg a tive pres sure co ef fi cients for all block age ra tios and Reynolds 
num bers in creases for al most all points on the sur face as the bluff body ap proaches to -
wards the up per wall of the wind tun nel.

The val ues of drag co ef fi cient (CD) for all an gles of at tack, Reynolds num bers
and block age ra tios de creases as the prism moves in the di rec tion of the up per wall of the
wind tun nel.

The max i mum value of drag co ef fi cient is ob served at an an gle of at tack nearly
50° for all block age ra tios and Reynolds num bers in case of the square prism.

The lo cal Nusselt num ber for all block age ra tios de creases as the value of
height-ra tio de creases for al most all points on the sur face as the prism ap proaches to -
wards the up per wall of the wind tun nel.

The val ues of av er age Nusselt num ber (Nua) for all an gles of at tack, Reynolds
num bers, and block age ra tios de creases as the prism moves in the di rec tion of the up per
wall of the wind tun nel.

There is no def i nite an gle of at tack for all block age ra tios and Reynolds num bers 
at which the value of av er age Nusselt num ber is ei ther max i mum or min i mum.

Nomenclature

A –  surface area of the bluff body, [m2]
a –  side length of the square prism, [mm]
a/H –  blockage ratio of the square prism, [–]
CD –  drag coefficient [= FD/(0.5rau

2A)], [–]
Cp –  pressure coefficient [= (p – pa)/(0.5rau

2)], [–]
FD –  drag force, [N]
H –  height of the wind tunnel, [mm]
ha –  average heat transfer coefficient, [Wm–2K–1]
hx –  local heat transfer coefficient, [Wm–2K–1]
k –  thermal conductivity, [Wm–2K–1]
Nua –  average Nusselt number (= haa/k), [–]
Nux –  local Nusselt number (= hxa/k), [–]
p –  static pressure, [mm of water]
pa –  ambient pressure, [mm of water]
Re –  Reynolds number based on the velocity of air and the characteristics length of the

–  bluff body (= ua/na), [–]
u –  velocity of air, [ms–1]
x –  distance along the perimeter starting from the corner A of the prism, [mm]
x/a –  distance for the square prism, [–]
y –  distance of the centroid of the bluff body from the upper wall of the wind tunnel, [mm]
y/H –  height-ratio, [–]
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Greec letters

a –  angle of attack, [°]
b –  Coefficient of thermal expansion, [K–1]
ra –  density of air, [kgm–3]
na –  kinematic viscosity of air, [m2s–1]
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